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Deposit Formation in Hydrocarbon Rocket Fuels 


Richard Roback 
Eugene J. Szetela 
Louis J. Spadaccini 

SUMMARY 


An experimental research program was undertaken to evaluate the thermal 
stability character ist ics of hydrocarbon rocket fuels under conditions that 
simulate high-pressure, hydrocarbon-fueled rocket cooling systems. The 
thermal decomposition (coking) limits and rates of deposition in heated copper 
tubes for two hydrocarbon fuels, RP-1 and propane, were determined using a 
continuous flow test apparatus which permitted independent variation and 
evaluation of the effect of wall temperature, pressure, and fluid velocity on 
fuel thermal stability. In addition, tests were conducted to investigate the 
effects of further refining of these fuels, to reduce the concentration levels 
of deposit forming precursors, on improving their thermal stability. 

Parametric tests to map the thermal stability characteristics of RP-1 and 
commercial-grade propane, were conducted at pressures of 136 atm to 340 atm, 
bulk fluid velocities in the range 6 to 30 m/sec, and tube wall temperatures in 
the range 422 to 81 IK. Selected tests were also performed using de-oxygenated 
JP-7 and chemical ly-pure propane as being representative of more refined cuts 
of the standard rocket fuels. In addition, the effect of the inside wall 
material on deposit formation was evaluated in selected comparative tests which 
were conducted using nickel-plated tubes. 

The results of the tests indicated that substantial deposit formation 
occurs with RP-1 fuel at wall temperatures between 600 and 800K, with peak 
deposit formation occurring near 700K. No improvements were obtained when 
de-oxygenated JP-7 fuel was substituted for RP-1. For both fuels, carbon 
deposition rates ranged from approximately 400 to 600 |JLg/cm^-hr at wall 
temperatures of 500 to 800K. Examination of deposits obtained with propane 
fuels indicated heavier, blacker and more uniform deposits than those observed 
with the kerosene-type fuels and there appeared to be little difference between 
commercial-grade and chemical ly-pure propane with regard to type and quantity 
of deposit. The carbon deposition rates for the propane fuels were generally 
higher than those obtained for either of the kerosene fuels at any given wall 
temperature and ranged from 400 to 600 jjLg/cm^-hr at wall temperatures as low 
as 400 to 500K. The results of tests conducted with RP-1 at pressures of 136 
atm to 340 atm indicated that the rate of deposit formation increased slightly 
with pressure over the range tested. Finally, plating the inside wall of the 
tubes with nickel was found to significantly reduce carbon deposition rates for 
RP-1 fuel. 



INTRODUCTION 


In an effort to increase the performance of hydrocarbon/LOX rocket 
engines for space booster or orbit transportation systems, i.e. to reduce 
weight and increase specific impulse, combustion pressures as high as practical 
are desirable. However, increased combustion pressure leads to a nearly 
proportionate increase in wall heat flux in the thrust chamber, and therefore, 
greater stress is placed on the design of the regenerative cooling system. To 
some extent, the increased heat fluxes can be accommodated by increasing 
coolant-side heat transfer rates by the expedients of reducing coolant channel 
flow area, and/or increasing coolant flow velocity, etc., but the implementation 
of these expedients is not without cost. Therefore, it is desirable to establish 
upper wall temperature limits to maximize the heat flux into the propellant 
coolant. Regenerative cooling with hydrocarbon fuels is feasible up to a point 
where the coolant wall temperature reaches a limit defined by a thermal decomposi- 
tion or "coking" temperature. Deposit formation on the coolant wall surface, 
which usually occurs when the thermal decomposition temperature is reached, 
causes an increased thermal resistance, a progressively increasing wall tempera- 
ture and, ultimately, failure. Therefore, the rocket engine designer needs to 
know what maximum heat fluxes can be accommodated under a variety of coolant 
flow conditions and, especially in the case of the reusable engines, when fuel 
deposits will be incurred, their nature, (as it affects heat transfer limits) 
and what rates of formation will prevail. 

Hydrocarbon fuel stability and deposit formation (coking) has been the subject 
of investigation for many years (Refs. 1 to 19). Although the exact mechanism 
of deposit formation has not been clearly defined, it usually results from the 
pyrolysis of organic molecules which make up the fuel. Free radicals are 
generated thermally and, because of their affinity for atoms such as nitrogen, 
oxygen, and sulfur which might be in the fuel, stable complex solids are formed 
(Refs. 20 to 25). Studies have shown that additional processing of the fuel to 
remove these deposit forming precursors has improved fuel thermal stability and 
decreased deposit formation (Refs. 26 to 31). Fuel decomposition rates and 
subsequent deposit formation rates have been found to be a function of temperature, 
pressure, velocity and the composition and physical state of the fuel. 

Because of its superior thermal conductivity, copper has been the preferred 
material for forming the regenerative cooling passages in the high-heat-flux 
regions of high-pressure rocket thrust chambers. However, studies of the effect 
of wall materials on deposit formation. Refs. 6, 10 and 32, indicated that deposit 
rates on copper can be very high. No data was available with regard to deposit 
formation of rocket fuels such as RP-1 and propane at conditions simulating high- 
pressure rocket operation. Results deduced from low-pressure coking tests for 
jet fuels on stainless steel indicated that a coolant— side wall temperature 
limit in the range 600 to 700K may exist for typical kerosene-type fuels. 
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However, the effects of the use of copper as a wall material and the effects of 
fuel pressure and velocity were not determined in the previous investigations. 
Therefore, to permit more accurate determinations of the maximum allowable 
coolant-side wall temperatures, a fuel coking test apparatus was designed and 
developed and was used for parametric evaluation of fuel thermal stability 
under conditions that simulate high-pressure, hydrocarbon-fueled rocket cooling 
systems. Using the apparatus developed, experiments were directed toward (l) 
evaluating the thermal decomposition (coking) limits and rates of deposition in 
heated copper tubes for two hydrocarbon fuels, RP-1 and propane, and (2) 
investigating the effect of further refining of these fuels, to reduce the 
concentration levels of deposit-forming precursors, on improving their thermal 
stability. Tests were conducted using RP-1 and commercial-grade propane as the 
standard hydrocarbon rocket fuels and de-oxygenat ed JP-7 and chemical ly-pure 
propane as being representative of more refined cuts of these fuels. A parametric 
evaluation of fuel thermal stability was performed at pressures of 136 atm to 
340 atm, bulk fuel velocities in the range 6 to 30 m/sec, and tube wall tempera- 
tures in the range 422 to 811K. In addition, the effect of the inside wall 
material on deposit formation was evaluated in selected comparative tests which 
were conducted using nickel-plated tubes. 
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TECHNICAL APPROACH 


As stated above, the objective of the present investigation was to determine 
the character and rate of formation of fuel deposits under conditions representa- 
tive of advanced hydrocarbon/oxygen rocket engine cooling systems, and to 
investigate the effect of increased fuel purity on mitigating deposit formation 
rates. The overall approach adopted to accomplish these objectives consisted 
of: characterizing the test fuels as to their chemical composition and physical 

properties, designing and fabricating appropriate test apparatus, and utilizing 
this equipment in an experimental study of deposit formation in electrically- 
heated copper tubes. The fuel properties, test equipment and operating proce- 
dures are discussed in detail in the following sections. 


Fuels Characterization 

The standard fuels which were tested during this program were RP-1 rocket 
fuel (MIL-P-25576) , supplied by the Government, and a commercial -grade propane, 
purchased from a local supplier. In addition to the primary objectives of this 
program, to determine the coking temperature limit and rate of carbon deposition 
for the as-delivered fuels, the merits of further refining of these fuels 
relative to improving their thermal stabilities were also investigated. To 
this end, additional quantities of refined quality fuels, »»hich met the speci- 
fications listed in Table I, were obtained. Since refinement of a relatively 
small quantity of the RP-1 fuel was neither practical nor cost effective, it 
was decided, with NASA approval, to utilize JP-7 (MIL-T-38219) fuel to simulate 
refined quality RP-1 fuel. Because JP-7 fuel is severely hydrotreated to meet 
a thermal stability specification, it generally has an order of magnitude less 
sulfur than RP-1 fuel. In all other respects, the JP-7 fuel tested met the 
RP-l specification. Additional on-line treatment of the JP-7 by filtration 
through a molecular sieve to remove water and by nitrogen sparging to reduce 
the dissolved oxygen content was required to provide a fuel of sufficiently 
refined quality to meet the specifications listed in Table I and to adequately 
establish the effect of fuel refinement on deposit formation. The use of 
chemically pure propane (minimum 99% pure in liquid phase), purchased directly, 
was determined to be the most cost effective way to obtain refined-quality 
propane . 

Each fuel chosen for testing was characterized as to selected chemical 'and 
physical properties. These properties determinations were obtained utilizing a 
combination of in-house. Government and independent analytical laboratory 
facilities; API and ASTM standard correlational procedures (Refs. 33 and 34); 
supplier's certified analyses (Refs. 35 and 36); and published data (Refs. 37 
to 43). Typical physical properties of the test fuels are shown in Table II, 
while the variation of selected physical properties with temperature is shown 
in Table III for RP-1 and JP-7 fuels and in Table IV for the propane fuels. 
Certificates of analysis for the RP-1 and JP-7 fuels used in this program were 
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provided by the fuel suppliers. Selected chemical analyses of constituents not 
generally included in the military specifications were performed either in-house 
or by an independent testing laboratory. A summary of these analyses is shown 
in Table V. 

Since commercial-grade propane is distributed in bulk, a certificate 
of analysis is not normally available. However, the commercial-grade propane 
used in this test program was certified by the supplier as meeting the ASTM 
standard for motor-grade propane. This fuel contains a minimum of 90% propane, 
a maximum of 5 percent propylene and the remainder comprises a mixture of other 
hydrocarbons such as butane, butylene, and ethane. The chemical ly-pure propane 
was certified as being 99% propane. Typical analyses of the commercial-grade 
propane and the chemical ly-pure propane utilized in this test program are shown 
in Table VI. 


Test Facility and Test Hardware 


Description of Apparatus 

The test program was conducted in a self-contained combustion test facility 
which consists of a concrete test cell and a separate control room for operating 
personnel. The test facility is capable of continuous operation with fuel 
flowing at a velocity up to 36.5 m/sec and at pressures as high as 340 atm. An 
electrical power supply, which is capable of providing 40 KVA AC and 4000 amps, 
was used to provide power for electrically heating the copper test tube up to 
the maximum temperature of 866K specified for the test program. 


The test apparatus, shown schematically in Fig. 1, consisted of the following 
major components: (1) a fuel supply tank, (2) a run tank to which is connected 

a zeolite-type molecular sieve water-absorber and a porous metal sparging 
element for reducing water and dissolved oxygen concentrations to the levels 
specified for the refined fuels, (3) a fuel delivery system consisting of two 
piston-type accumulators which are pressurized and used to drive fuel through 
the test section, (4) a venturi flowmeter, (5) a resistance-heated test tube 
connected to a 40 KVA high-amperage power supply, (6) an in-line filter for 
collecting any solid particles which might form in the bulk flow or breakoff 
from the test tube wall during test, (7) a fuel cooler, (8) an electrically- 
driven metering valve which was used to control the fuel flow through the test 
section, (9) a turbine-type flowmeter, and (10) a fuel dump tank. 


The 

variable 


original design of 
displacement axial 


the test apparatus included a high-pressure (340 atm), 
piston pump, which was to be used to raise the pressure 
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of the test fuel to the desired level and pump it through the test section. 
However, after several pump failures occurred, it was concluded that the pump 
was not compatible with low viscosity fluids, such as RP-1 and propane, and 
therefore, the fuel delivery system was modified to utilize two high-pressure 
piston type accumulators as fluid transfer barriers. For the low-pressure 
tests (136 atm) the accumulators were installed in parallel (as shown in the 
inset in Fig. 1), and one side of each accumulator was precharged with test 
fuel while the opposite side was pressurized with 156 atm nitrogen which 
actuated the pistons and forced the test fuel through the test section. A 
dome-loaded pressure regulator was used to regulate the nitrogen driver gas 
pressure. With this configuration, a total of approximately 48 gallons of 
fuel could be expended before the system had to be refilled. 

Because the facility was not capable of supplying a high flow rate of 
nitrogen at pressures in excess of 156 atm, this configuration could not be 
used for higher pressure tests and therefore, additional modifications were 
made to the fuel delivery system to permit the use of high-viscosity hydraulic 
fluid, pumped by the existing high-pressure piston pump, as the accumulator 
driver fluid. This system, also shown in the Fig. 1 inset, consists of two 
piston accumulators in series; the first accumulator contained hydraulic fluid 
on one side of piston and test fuel on the other side, and the second accumulator 
(which empties through the test section) contained test fuel on both sides of 
the piston. With this arrangement, the hydraulic fluid and test fuel are 
separated by a relatively large volume of contained fuel, thus eliminating the 
potential for contamination of the test fuel by hydraulic fluid left on the 
wall of the accumulator or by hydraulic fluid leaking across the piston seals. 
However, this arrangement limited the fuel capacity to 23 gallons and it was 
therefore necessary to refill more frequently between tests. 

Test Tube Fabrication and Characteristics 


Since test data at pressures up to 340 atm was desired, all tube test 
elements were designed to withstand this pressure at tube wall temperatures up 
to lOOOK. A duplex tube wall configuration was selected to meet this require- 
ment and to also provide a better match of the specific electrical resistance 
of the tube elements to the capabilities of the electric power supply. In the 
duplex tube configuration, an inner wall of an oxygen free— high conductivity 
copper (No. 102; 99.95% pure; electrical conductivity = 0.586 Megmho-cm) 
provided the desired test surface for studying the rates of deposit formation 
on copper while an outer wall of Inconel 600 provided the necessary high-tempera- 
ture tensile strength. 

The individual test tube elements comprised an inner 0.254-cm ID x 0.366-cm 
OD copper tube surrounded by a 0.366-cm ID x 0.478— cm OD Inconel tube. This 
configuration had the advantage that, while the structural load was carried by 
the outer sheath, the majority of the power (~ 95%) was generated in the copper 
and, as a result, the tube radial temperature gradient was small. The duplex tube 
was ’manufactured by threading the 0.254-cm ID x 0.366-cm OD copper tube into an 
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oversized Inconel outer sheath, and subsequently drawing the Inconel tube 
through a die to obtain the proper sheath thickness and OD of the duplex tube. 
This process ensured a good bond, i.e., intimate wall contact between the 
Inconel and copper surfaces which was subsequently verified by various tests 
described later in this subsection. 

To preclude any significant electrical or thermal resistance at the 
interface of the two metals, stemming from oxidation, contamination or local 
separation, the tubes were cleaned and inspected before and after fabrication. 
Tests to evaluate the effectiveness of several candidate procedures for 
cleaning the copper and Inconel tubing prior to fabricating the duplex test 
tubes indicated that a thorough degreasing was sufficient for the Inconel tube, 
since Inconel is relatively corrosion resistant and is not easily oxidized. A 
10 percent nitric acid solution appeared to clean the copper surface adequately; 
however, a water slurry of a commercial ly-available powdered copper cleaner 
containing oxalic acid was just as effective and easier to use. Based on the 
results of these tests, the cleaning procedure adopted consisted of (a) immersion 
of both the copper and Inconel tubing in a hot degreasing solution, followed by 
a thorough water rinse; and (b) application of the commercial copper cleaner, to 
the outer surface of the copper tubing with a fine brush, removal with a clean 
sponge and water, followed by a final water^rinse and degreasing. Handling of 
all materials was done with lint-free gloves. 

Prior to fabricating the required quantity of tubing, a sample length was 
manufactured according to the procedure described above, and the sample was 
subjected to several tests and examinations to evaluate the quality of the 
mechanical bond between the Inconel and copper tubes. The test procedures 
included me tal lographic examination, shear tests, and thermal cycling in a 
high-temperature oven followed by sectioning and microscopic examination. 

Metal lographic examination of tube samples, including scanning electron— 
microprobe analysis at the Inconel/copper interface, indicated that the copper 
closely followed the contour of the Inconel surface and the interface was free 
of contamination (i.e., no oxides or elements other than the parent metals were 
present) and/or air gaps. A maximum separation of approximately 0.00025-cm was 
observed between the copper and Inconel surfaces, which was attributed primarily 
to the sample preparation procedures (i.e., cutting, mounting and polishing). 

The shear test was performed in an experiment in which an axial load was 
applied to the inner copper tube in an attempt to push the copper out of the 
Inconel sheath. Several tube samples having different lengths (0.2, 0.51 and 
0.64 cm) were tested and it was found that an average shear load of 57 atm on 
the Inconel/copper interface was required for initial movement of the copper, 
an average shear load of 516 atm was required to extrude the copper through the 
Inconel tube. 
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A thermal cycling test was performed in which a sample tube was heated to 
81 IK in an oven, air cooled to room temperature and then reheated and recooled. 
This test was designed to aggrevate any tendency to separate at the bond surface 
because of the difference in thermal expansion between copper and Inconel and 
evaluate any possible separation on cooling, which, if encountered, would 
preclude reuse of tubes in which no deposits were formed. The sample tube was 
sectioned and microscopic examination indicated that no apparent separation of 
the copper from the Inconel had occurred. 

The results of the various tests indicated that the mechanical bond between 
the Inconel and copper sections of the duplex tube was of very high quality, and 
that any tendency for separation at the Inconel/copper interface would be 
opposed during testing by the combined action of internal pressure forces and 
the higher rate of thermal expansion of copper relative to Inconel. Therefore, 
having validated the manufacturing process, the entire length of tubing required 
for alt tests was manufactured in a single run. 

The test tube assembly is shown schematically in Fig. 2 and by the photograph 
in Fig, 3, The test tube was silver soldered to a copper bus ring which in turn 
was bolted to copper ring adaptors. A high temperature silver solder (890K) was 
used during fabrication of the initial set of test tube assemblies to insure 
that no problems with tube attachment would occur during testing at the highest 
wall temperature. These tubes had to be discarded because longitudinal cracks 
developed in the Inconel outer sheath at the points of attachment to the copper 
bus rings, apparently as the result of excessive thermal stressing of the tube 
which occurred during the application of the high temperature silver solder. A 
detailed heat transfer analysis of the test tube assembly, which will be described 
in a later section, indicated that the temperature of the bus ring and adapter 
would not exceed 425K for the highest test tube temperature; therefore, a lower 
melting temperature silver solder (650K) was used for subsequent tubes and 
the problem was eliminated. 

Ten thermocouples were spotwelded to the outer tube wall of each assembled 
test piece to monitor the outside tube wall temperature during a test. These 
thermocouples were placed at equal spacings of 2.54-cm starting at a location 
of 1.27“cm from the bus rings. The placement of the thermocouples was also 
determined from the heat transfer analysis which will be discussed later. The 
surface of the tube was coated with Sauereisen at the thermocouple junctions, 
to electrically insulate the thermocouple wire from the tube, and the wire was 
wrapped once around the tube and coated with additional Sauereisen cement to 
insure good thermal contact. By use of an AC power supply, thermocouple errors 
resulting from a voltage drop across the thermocouple bead were minimized. 

The test section mounting arrangement is shown in the schematic of Fig. 4 
and the photograph in Fig. 5. The test tube assembly is supported on teflon-lined 
cradles that were designed to accommodate the bus rings and to permit thermal 
expansion by providing a low coefficient of sliding friction. The teflon also 
acts as an electrical insulator and prevents grounding of the test tube. In 
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addition, non-conduct ive flexible hose was installed at the entrance and exit of 
the test tube assembly to allow thermal expansion and to electrically isolate 
the tube from the other components of the test apparatus. Connections to the 
power supply were made using a solid connector and a flexible water-cooled cable. 
Adjustable wall anchors and transformer connections were provided to assist in 
aligning the tube assembly prior to testing. 

Data Acquisition and Control System 

All test data were recorded utilizing a microprocessor-controlled, data 
acquisition/reduction system. The data system converted outputs from thermocouples, 
current transmitters, pressure transducers, etc,, to precisely scaled DC voltages 
for measurement, and displayed the data in engineering units. The reduced data 
was logged on paper tape via a programmed logging format or through demand 
logging by push-button control. Specific groups of data channels were scanned 
and/or logged at specific intervals, or continuously. The system enabled 
scanning up to 70 channels at a scan rate of 35 channels per second on standard 
resolution, and 10 channels per second on high resolution. Data was logged on 
paper tape at the rate of 6 lines per second. 

A built-in cathode ray tube (CRT) was used to display key operating parameters 
such as fuel pressure, temperature and flow rate; tube wall temperatures; and 
input voltage and current. The display provided a continuous visual check of 
the thermocouple outputs and test control parameters. An alarm function is also 
included and was utilized to provide a continuous check of each thermocouple 
output to ascertain that prescribed maximum temperature limits were not exceeded 
during a test run. 

The primary fuel flow measurement was made with a turbine-type flow meter which 
was located downstream of the test section. In addition, a redundant fuel flow 
measurement system, consisting of a venturi— type flow meter and a differential 
pressure transducer, was installed upstream of the test section. Pressures were 
measured both with strain— gauge t:ype pressure transducers and conventional 
Bourdon type pressure gauges. All instrumentation received frequent routine 
calibrations against laboratory standards. 


Test Matrix and Operating Procedures 

The experimental program began with a sequence of shakedown tests to verify the 
structural integrity of the system and to optimize procedures for testing and 
data acquisition. The shakedown period also included tests directed toward 
verifying the absence of a significant thermal resistance at the copper-inconel 
interface, resulting from poor metal-to-metal contact or from impurities at the 
Inconel/copper interface. For this purpose, special tests were conducted (a) 
using high-pressure water in place of fuel, and (b) using a specially instrumented 
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test tube which allowed direct temperature measurement at the Inconel/copper 
interface as well as at the Inconel outer wall. After qualification of the 
experimental hardware and test procedures, a series of parametric tests was 
conducted to document the coking limits and decomposition rates of RP-1, JP-7, 
commercial -grade propane and chemically-pure propane. The full matrix of test 
conditions included fluid inlet velocities of 6.1, 12.2, 18.3, 24.4, 30.5 m/sec, 
tube entrance static pressures from 136 to 340 atm; and tube wall temperatures 
of 422, 589, 700 and 811K. The duration of each test was to be ten minutes; 
unless, during a test any tube wall temperature exceeded the maximum allowable 
limit of 866K, in which case the test was terminated. 

Fuels testing at a pressure of 136 atm was started with standard, as-delivered 
RP-1 fuel and then proceeded to JP-7 fuel. Appropriate changes were made to the 
test apparatus to accommodate liquid propane and testing was continued with 
commercial-grade propane and, finally, chemically-pure propane. A limited 
number of tests were then performed with RP-1 fuel at pressures up to 340 atm to 
determine the effect of increased pressure on deposit formation. Finally the 
effect of inside wall material on deposit formation was evaluated in selected 
tests which were conducted using nickel-plated tubes. 

Prior to each test the inside of the test tube was cleaned with a degreasing 
solution and a water slurry of coinmerical powdered copper cleaner, rinsed with 
water and dried with nitrogen, and then installed in the test apparatus. In 
addition, the in-line fuel filter located downstream of the test tube was 
replaced. If tests using kerosene fuel of refined quality were conducted, 
sparging and water filtration of the fuel were performed to reduce the oxygen 
and water concentrations to the desired levels. The piston type accumulators 
were then charged with the appropriate fuel and pressurized with nitrogen driver 
gas for the 136 atm tests, or with hydraulic fluid supplied by the high pressure 
pump for the higher pressure tests. 

The test was initiated by opening the accumulator valve and then adjusting the 
downstream metering valve until the desired flow rate was obtained. The electrical 
powerstats were activated and set for a low power level at which a relatively 
flat wall temperature distribution was obtained (e.g., at wall temperatures of 
approximately 350 to 450K). Data was recorded at this initial power setting; 
any deviation from a flat temperature profile was noted as being indicative of 
improper thermocouple attachment. 

The electrical powerstats were then advanced to a predetermined position to 
achieve the desired wall temperature (transient time was usually less than 6 
seconds) and the corresponding input power was maintained as the test was 
continued for ten minutes or until a maximum wall temperature of 866K was 
reached. The data logger continuously monitored and recorded test data at one 
minute intervals, or more frequently if large variations in data were occurring. 
After the test was completed, the test tube was removed and set aside for 
sectioning and deposit analysis. The fuel filter was also removed and set 
aside for post— test examination. 
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Data Analysis 


During testing, coking was detected by a change in the tube axial wall 
temperature distribution when the system pressure, fluid velocity, and tube 
heating rate were held constant. After each test in which there was a positive 
indication of coking, qualitative and quantative analysis of the deposits formed 
was performed and the results were correlated with the initial wall temperature 
and test operating parameters. 

Calculation of Inner Wall Temperature 


The test tube inner wall temperatures were calculated from the measured outer 
wall temperatures using a computerized heat transfer analysis. In this analysis 
(TCAL) , a finite difference representation of the heat conduction equation (a 
t ime-dependent version of Laplace's equation) is solved by a relaxation technique. 
This solution is applied to any one-, two-, or three-dimensional model in order 
to calculate the steady-state or transient temperature distribution for all 
elements of the model. The required inputs to the computer program included a 
geometric description of the test tube assembly, the physical properties of the 
duplex tube and bus ring materials, the transport properties of the test fuels 
and the ambient environment, and the heat generated (electrically) within the 
apparatus. Material and fluid properties are permitted to vary with temperature, 

A preprocessor was used to convert coarse dimensions of two-dimensional or 
axisymmetric models into TCAL input. The output is the steady-state (or 
transient) temperature of the elements, including the local temperature of the 
fluid, 

A 152 element model was utilized to describe the tube/bus ring configuration 
used in the tests and to calculate the axial and radial wall temperature gradients 
for RP-1 fuel flowing at a velocity of 30.5 m/sec through a tube having a 
maximum inner wall temperature of 811K. This was the most severe test condition 
with respect to the radial temperature gradient. The fuel inlet temperature was 
assumed to be 311K. The elemental description of the tube/bus ring configuration 
and the calculated local wall and bulk fuel temperatures are shown in Fig. 6. 

It should be noted that the TCAL analysis indicated that less than 1 percent of 
the electrical energy dissipated in the tube wall was lost to the surroundings, 
and that the balance of the electrical energy input to the system (more than 99 
percent) appeared as heat conducted into the test fluid. Therefore, knowing the 
radial origin of the electrical energy input (from the relative electrical 
resistance of the Inconel and copper wall materials), the wall temperature drop 
(from the external point of temperature measurement to the inside copper wall) 
and the fluid temperature rise was calculated using the TCAL computer program. 

It can be seen from the figure, that the bulk temperature of the fuel was 
increased by 71K as it flowed through the heated tube and that the maximum 
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temperature difference between the outer and inner walls is 15K. Because the 
relatively massive bus-ring/connector assembly remained essentially at ambient 
temperature during a test, significant local cooling and steep temperature 
gradients occurred at the ends of the tube. Therefore, to avoid placement of 
thermocouples at locations which could be affected by tube end cooling, the grid 
elements adjacent to either bus ring were subdivided into smaller elements (not 
shown in Fig. 6) and a more accurate calculation of the local temperature 
distribution in this region was performed. This calculation indicated that 
placement of the thermocouples at least 1.27-cm from the bus ring would avoid 
the tube end effects. 

The results of the TCAL calculation are also shown graphically in Fig. 

7, along with the axial variation of heat transfer coefficient. The equation 
used for calculating the local heat transfer coefficients was obtained from 
Ref. 44. It will be shown later that this equation matches measured data with 
reasonable accuracy. An unanticipated result of the calculation was the 
prediction that the maximum wall temperature would occur near the inlet of the 
tube and not at the exit where intuitively it would be expected. This seemingly 
anomalous behavior can be explained by examining the axial variation of the 
heat transfer coefficient along the inner wall. The variation of bulk fuel 
properties with temperature results in a local heat transfer coefficient which 
is lowest at the tube entrance, where the fuel is cold, and increases as the 
fuel is heated. As a result, in the case of the kerosene type fuels, the 
highest wall temperatures occur near the tube entrance and the wall temperature 
decreases along the length of the tube. 

These calculations, which were performed for one extreme in the matrix of 
test conditions (i.e., the highest wall temperature and highest velocity), 
indicated a temperature difference between the outer and inner walls of only 13 
to 15K, The TCAL results were used to predict the wall temperature difference 
(inner vs outer) over the entire range of test conditions, see Fig. 8. The 
differences ranged from approximately 3 to 13K at the highest wall temperature 
of 811K and 1 to 3K at the lowest wall temperature of 422K. These temperature 
differences were, for the most part, within the expected experimental accuracy 
of the temperature measurement and, therefore, the measured outer (inconel) 
wall temperature was considered representative of the inner (copper) wall 
temperature . 

Deposit Character izat ion 

After each test in which there was a positive indication of coking, the tube 
was sectioned. As shown in Fig. 9, five 1.27-cm long sections were cut from the 
25-cm length of tubing and from each of these sections, a longitudinal and 
transverse section was prepared for microscopic examination. The transverse 
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sections were mounted in plastic, metal lographical ly polished, and photomicrographs 
were taken to estimate deposit thickness. The longitudinal sections were used 
for qualitative analysis of the deposits, in terms of type and uniformity. The 
remaining four sections, each approximately 3.8-cm long, were used in burnoff 
tests where a quantitative estimate of the total carbon deposit was made by 
determining the quantity of CO 2 evolved. 

Depending upon the type and amount of deposit present, several methods were 
considered to determine the quantity of deposit on the tube surface. These 
procedures included (1) direct measurement of deposit thickness, (2) tube 
weighing before and after deposit burnoff, (3) deposit burnoff in air with 
analysis of evolved gases and (4) surface analysis using ion spectroscopy. 
Examination of the deposits obtained early in the tests with RP-1 indicated that 
the deposits were of sufficient quantity, i.e., > 0.1 mg, to permit the determin- 
ation of deposit rates by burnoff in air with analysis of the evolved CO 2 . 

Tube weighing before and after deposit burnoff was not performed because of 
anticipated inaccuracy in weighing such small quantities and because the weighing 
procedure would be complicated by the fact that the copper surface could be 
oxidized during burnoff. The direct measurement of the deposit thickness from 
photomicrographs of transverse sections of the tube was also undertaken but the 
results were inconclusive because of the non-uniform deposition of material 
along the tube. 
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EXPERIMENTAL RESULTS AND DISCUSSION 


The experimental test program comprised (a) two special calibration tests 
to verify that there was no significant thermal resistance at the Inconel/copper 
tube interface; (b) an extensive series of tests designed to investigate the 
deposit formation tendencies of RP-l, JP-7, commercial-grade propane and chem- 
ically pure propane at a pressure of 136 atm and over a range of velocities 
and wall temperatures; (c) tests to determine the effect of pressure on deposit 
formation; and (d) a short series of tests to evaluate the effect of the tube 
inside wall material on deposit formation. A discussion of the results of these 
experiments is included in the following sections. A tabulation of all the 
test data, including calculated parameters (e.g., velocity, Reynolds No., dis- 
charge coefficient and deposit thermal resistance), is presented in Appendix A. 


Calibration Tests 

A special calibration test using high-pressure water in place of fuel 
was conducted to determine if there was any significant thermal resistance at 
the Incone 1 /copper interface which could result from poor metal-to-metal 
contact or from impurities at the interface. If a significant interfacial 
resistance was present, the theoretical heat transfer prediction would have to 
be modified and the input power and output wall temperature settings revised. 
Water was used for these tests, since its thermal properties are known with 
greater accuracy than any other candidate test fluid. Testing with water 
ensured that the contribution of uncertainties in the basic fluid transport 
characteristics to any differences between the TCAL predictions and the actual 
temperature measurements would be minimized. Therefore, if the measured wall 
temperature profile closely matched the TCAL temperature profile predictions 
for water, the absence of a significant thermal resistance at the Inconel/copper 
tube interface would be verified. 

Three well-known heat transfer correlations described in Ref. 45, (i.e., 
the classical Dittus-Boelter equation, the Sieder-Tate equation and the Colburn 
equation) were used to predict the axial temperature distribution along the 
outer wall of the heated tube. These equations were chosen because they 
appeared to be best suited for experiments conducted with high-pressure water. 
The Dittus-Boelter and Sieder-Tate equations utilize fluid bulk properties 
and/or corrections for wall to bulk temperature differences. With the exception 
of specific heat, film properties are used in the Colburn equation. For water 
flowing at a pressure of 64 atm and a velocity of 7.5 m/sec, through a tube 
heated with 17.6 kW of electrical power, the three equations predicted temper- 
atures which were higher than the experimental values. The Colburn equation 
gave the best correlation, perhaps because the conditions of the experiment 
better matched the conditions for which the equation was derived. A comparison 
between the Colburn prediction and the experimental results is shown in Fig, 

10. The shaded area represents a ^ 5 percent difference in power input, and 
reflects the differences in the heat balance obtained when the measured input 
power was compared with the measured sensible heat added to the water. Since 
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no Inconel-copper interfacial resistance was assumed in the theoretical analysis 
and since, as stated above, the predicted temperatures were higher than the 
measured wall temperatures, (the converse would be expected if a significant 
interfacial thermal resistance were present) the absence of any significant 
resistance present at the Inconel/copper interface of the tube was inferred. 

A test was also performed using a special tube which was instrumented with 
thermocouples attached to the copper tube outer wall through holes drilled in 
the Inconel sheath. This tube had been prepared by NASA/LeRC to aid in correlat- 
ing experimental data with the theoretical heat transfer predictions, and to 
verify the integrity of the mechanical bond at the Inconel/copper interface. 
Pretest inspection of the tube revealed that there were very fine cracks in the 
Inconel sheath, close to the copper bus rings. These cracks were similar to 
ones observed previously at UTRC, stemming from overheating of the tube during 
application of the high-temperature silver solder for attaching the bus rings to 
the tubing. This special tube was instrumented with additional thermocouples on 
the outside Inconel wall and then tested at operating conditions of reduced 
severity. This was done because the results of earlier experiments had shown 
that regions of locally high temperatures would develop around the cracks and, 
thereby, limit the maximum allowable power input to the tube. 

Tests were performed with RP-1 fuel at a pressure of approximately 136 atm, 
fluid velocity of 6.1 m/sec and wall temperatures ranging from 350 to 750K. At 
the highest wall temperature, a leak developed around one of the thermocouples 
attached to the copper and therefore, the test was terminated and no additional 
testing with the tube was attempted. A comparison of the temperature distribu- 
tions measured along the outer walls of the copper and Inconel sections of the 
tube is shown in Fig. 11. It can be seen that there is excellent agreement 
between the two wall temperature distributions, (except at the peak temperature 
where the largest difference is only lOK), thereby verifying, in a general 
sense, the TCAL temperature predictions as well as confirming the absence of a 
significant resistance at the interface between the two metals. The relatively 
high temperature reading of the thermocouple located at the tube exit (i.e., the 
23-cm station) was attributed to cracks in the outer tube. 

Special tests were also conducted with RP— 1 in which the fluid velocity was 
fixed and the power level into a single tube was varied sequentially to produce 
peak wall temperatures within the range 400 to 900K. Operating conditions 
were held constant only momentarily, so that data could be recorded at each 
power setting and in the absence of significant deposit formation. The tests 
were repeated for the full range of fluid velocities. The temperature distri- 
butions obtained at the maximum and minimum test velocities (i.e., 7.1 and 30.5 
m/sec) are shown in Fig, 12. These results indicated that substantial changes 
in the heat transfer processes were incurred as the flow, power and wall 
temperature were varied. At low velocity conditions, and particularly at high 
power, the wall temperature increased with length near the tube entrance, 
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reached a maximum value at approximately 20-30 percent of the tube length, and 
thereafter decreased continuously to the end of the tube. In contrast, at high 
fluid velocity the wall temperature distribution did not show a peak; instead 
the wall temperatures gradually decreased from the tube entrance to the tube 
exit . 


The wall temperature distribution noted at low velocity appears to indicate 
laminar-like flow at the tube entrance, followed by a transition to turbulent 
flow. In laminar flow, an initial high heat transfer coefficient is expected 
until an appreciable thermal boundary layer thickness has accumulated. There- 
after, the heat transfer coefficient diminishes rapidly to a minimum value as 
the thermal boundary layer grows and then it rises again as transition to a fully- 
developed turbulent flow condition ensues. This entrance effect could be 
expected to be minimized at the higher Reynolds numbers associated with the 
higher flow rates. The inlet Reynplds number at the low velocity condition is 
approximately 7000 and, therefore, turbulent flow would be expected to exist 
in the tube. However, there is theoretical and experimental evidence (Ref. 46) 
which indicates that in the case of liquid flow in smooth pipes, heating tends 
to stabilize a laminar boundary layer and to lower the liquid viscosity and thus 
delay the transition to fully developed turbulent flow. At 20 to 30 percent of 
the tube length, the Reynolds number has apparently increased sufficiently to 
permit the transition to turbulent flow. 

Wall temperatures measured in the special tests described above were used 
to calculate experimental heat transfer coefficients which were compared with 
theoretical heat transfer coefficients calculated from the following correlations: 


Dittus-Boel ter : 

Nu = 0.023 

(Ref. 45) 

Sieder-Tate 

Nu = 0.023 Re®*®Pr®-'^ /h-rV-1^ 

(Ref. 45) 


vl 


Rocketdyne : 

Nu = 0.0056 Re^-^^Pr®-^ 

(Ref. 44) 


Where Nu, Re, Pr are the Nusselt, Reynolds and Prandlt numbers, respectively, and 
fJLg and Hiy are viscosities at the bulk and wall temperatures, respectively. 

The experimentally-determined heat transfer coefficients calculated for a flow 
velocity of 18.3 m/sec are compared with the theoretical heat transfer coefficients 
in Fig. 13. It can be seen that all the experimental data fall slightly above the 
theoretical predictions. Since the test conditions were held constant only momentarily, 
so that no significant deposit formation would occur, the differences between the 
experimental data and the theoretical curves cannot be attributed to carbon forma- 
tion, Furthermore, at the velocity of 18.3 m/sec, the tube entrance effects were 
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not appreciable and should not have had a significant effect on the heat transfer. 
However, it is possible that the higher experimental heat transfer coefficients 
noted could have been caused by a slightly higher than usual tube roughness which 
resulted during tube fabrication , 


RP-1 Tests 

Since the special calibration tests corroborated the results of the physical 
tests performed on the tubing, it was concluded that a good mechanical bond, free 
of contamination existed at the metal interface and that the radial temperature 
gradient across the tube was negligible for the purposes of the intended tests. 
Therefore, more detailed testing with RP-1 fuel was initiated; a summary of the 
tests performed is shown in Table VII. RP-1 testing began at a fluid velocity 
of 6.1 m/sec and a wall temperature of 422K. However, no significant temperature 
rise was observed along the tube during the ten minute test duration, suggesting 
the absence of significant deposit formation. The tube used in this test was 
sectioned and microscopic inspection of the inner copper surface confirmed that 
deposits had not been formed. In appearance, the surface was only slightly 
stained with no evidence of black, carbon-like deposits which were subsequently 
obtained at higher temperatures. Based on these results, no additional testing 
was done at a wall temperature of 422K. 

Outer tube wall temperatures were measured in tests within a range of fluid 
velocities from 6.1 to 30.5 m/sec. The input heat flux to the tube was varied 
between 173 and 1460 Watt/cm'^ so that wall temperatures in the desired range 
from 583 to 811K could be achieved. The wall temperature distributions are 
shown in Figs. 14 through 16 where each condition shown is a composite of data 
obtained from a different test. The results shown in Figs. 14 through 16 
indicate that the temperature rise that was obtained during the ten-minute 
duration was lowest at the lowest wall temperature, increased with increasing 
wall temperature and reached a maximum value at locations which were initially 
at temperatures between 700 and 750K. Since it was expected that a wall 
temperature rise indicated deposit formation, this behavior suggested that the 
rate of deposit formation increased with increasing temperature, reached a 
maximum at a temperature of 700 to 750K and fell off thereafter. Also, the 
first indication of a significant local temperature rise generally occurred at 
the tube entrance (region of highest wall temperature) and eventually spread to 
other locations all along the tube. 

The effect of the initial wall temperature on temperature rise with time 
is shown more clearly in Fig. 17, where the tube temperature rise data are 
plotted against the initial wall temperature. It can be seen that a maximum 
temperature rise of approximately 80K occurred at a location on the tube where 
the initial wall temperature was between 700 and 750K. There appears to be no 
appreciable effect of fluid velocity, except possibly to produce a slight shift 
in the location of the peak temperature rise. 
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Heat transfer across a deposit layer formed and the wall is governed by 
the following: 


Q/A '= ii AT 

where Q/A is the heat flux, k is the thermal conductivity of the deposit, t is 
the deposit thickness and is the wall temperature rise. If the thermal 

conductivity of the deposit is assumed to be constant and the deposit thickness 
increases during the test, then for the constant heating rate, maintained 
during the test, the tube wall temperature would be expected to increase in 
proportion to accumulated deposit thickness. Similarly, if the deposit rate is 
assumed to be independent of fluid velocity (as a first order assumption), but 
the power input to the tube is increased to maintain a given initial wall 
temperature when the fuel flow rate (and therefore velocity) is increased, then 
the wall temperature rise observed should be higher at the higher velocities 
(i.e., equal deposit thickness, but proportionately increased heat flux). 

However, since the wall temperature rise was observed to be essentially indepen- 
dent of velocity for the RP-1 tests (see Fig. 17), either the rate of deposit 
formation decreases with increased fluid velocity, or other factors, such as a 
synergistic effect of deposit roughness may contribute to an enhanced local 
heat transfer coefficient. 

For each test which gave a positive indication of deposit formation, i.e., a 
significant local wall temperature rise with time, the test tube was sectioned 
and the tube sections were prepared for microscopic examination and deposit burn- 
off. Microscopic examination of the inside surfaces of longitudinal sections of 
the tubes revealed that the deposit coverage was generally very non-uniform and 
ranged from specks, to connected islands of deposits, to essentially full coverage. 
No particular pattern could be established with test conditions and the non-uniform 
deposit coverage made a determination of the point of incipient deposit formation 
impossible . 

Also, the deposits observed were multi-colored and took on various shades of 
red, black and sometimes gray. All three colors could sometimes be observed on 
samples taken from a single tube; however, it was difficult to associate color 
with a particular run condition or wall temperature. The deposits appeared to 
vary in degree of roughness but were generally hard and did not break loose from 
the tube surface very easily. From the general appearance of the surfaces of the 
tubes, it was concluded that the formation of deposits on copper is a very complex 
process leading to various intermediate compounds which can take on various colors 
and textures. 

Transverse cross sections of the tubes were also taken at approximately the 
same location as the longitudinal sections. These cross-sections were potted in 
plastic and polished to produce a flat surface for subsequent microscopic exam- 
ination. Photomicrographs of these surfaces were taken and an attempt was made 
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to determine the deposit thickness. The deposits observed in these photomicrographs 
were usually not of constant thickness and, because of the non-uniformity of the 
deposit formation, covered only a small portion of the surface. However, on the 
average, they ranged from 0.0002 to 0,001-cm in thickness. 

Because of the high magnification of the small surface area which is observed 
in the transverse sections, the photomicrographs of the tube transverse sections 
appeared to indicate even greater non-uniformity of deposit formation than the 
longitudinal sections had shown. In fact, in many cases, the transverse sections 
showed little or no deposit formation whereas the longitudinal sections taken 
from approximately the same locations on the tube and viewed at lower magnifica- 
tion indicated significant deposit coverage. For these reasons, deposit rate 
estimates obtained from the photomicrographs were not used as the primary mea- 
surement of deposition rate. These data were instead inferred from the results 
of the burnoff tests to be discussed below. 

A typical photomicrograph of a tube cross-section (with deposits) correspond- 
ing to a test with RP-1 is shown in Fig. 18. The dark area shown in the photo- 
micrographs is the plastic potting material and the bright area is the copper. 

The thin line of material between the dark and bright areas is deposit. From 
this figure, there appears to be an indication that the deposit is thicker for 
the low velocity condition. The particular sections shown represent some of the 
more uniform deposits; however, many of the samples revealed deposits having a 
much more irregular pattern, from which consistent trends in either deposit 
nature or thickness with test conditions could not be derived. 

The primary measure of the deposit formation rate with the various test 
operating conditions was made by burning off the tube deposits and measuring the 
quantity of CO 2 evolved. A special laboratory bench-type apparatus was 
employed for this task, wherein a metered flow of air was passed at a constant 
rate through heated sections of the test tube. The product gases resulting from 
the burnoff were subsequently passed through a nondispers ive infrared analyzer 
which measured the concentration of CO 2 in the effluent gas. This instrument 
was calibrated before each series of burnoff tests using air for setting the 
instrument zero level and a N 2 /CO 2 gas mixture of certified CO 2 concentra- 
tion for establishing the scale factor. Also, prior to initiating the tube 
deposit burnoff tests, a special calibration run was made in which pre-weighed 
samples of instrument grade graphite were burned off. Agreement between the 
weight of carbon calculated from the CO 2 evolved and the actual weight of 
graphite was within two percent. No special post-test procedures were employed 
prior to deposit burnoff to remove any residual fuel which might remain in the 
tubes. It was felt that since several days elapsed between testing, 
tube sectioning, and deposit burnoff, there was adequate time for the tubes to 
dry. Furthermore, since the burnoff procedure involved a gradual heating of the 
tube sections, there should have been sufficient time for vaporization of any 
residual liquid fuel prior to oxidation of carbonaceous deposits. However, in order 
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to check if significant residual fuel remained in the tubes, alternate sections 
of several tubes were washed in solvent, blown dry with nitrogen, and heated in 
a vacuum oven to remove any traces of residual fuel. Comparison of rate data 
determined for these specially treated sections with that determined for 
adjacent untreated sections indicated that any effect of residual fuel was 
insignificant . 

Output from the meter was continuously recorded to give a time trace 
of percentage CO 2 evolved during burnoff of the deposit. Integration of the 
data over the total burnoff time gave the total volume of CO 2 evolved, from 
which a carbon weight and deposition rate were calculated. As shown in Fig. 9, 
four equal ly-spaced sections (each approximately 4-cm long) were cut from each 
test tube and used for the burnoff tests. The four tube sections represented 
approximately 60 percent of the total surface area of the tube; the remainder 
of the tube was used for the longitudinal and transverse sections. The results 
of the burnoff tests for RP-1 are shown in Table VIII. 

The data listed in Table VIII are presented graphically in Fig, 19, in the 
form of plots of the rates of carbon deposition as a function of the average 
initial wall temperatures. The open symbols represent the data obtained from 
individual tube sections (i.e., 15 percent of the total tube length) while the 
closed symbols represent an average of the four sections of the tube (60 
percent of the total tube length). It can be seen that there is considerable 
scatter in the data; however, some general trends can be observed. The data 
scatter is believed to result from the combined effects of experimental error 
and the non-uniformity of the deposits on the tubes. The deposit rate data 
appear to substantiate the conclusions drawn previously from the wall temper- 
ature distributions (see Fig. 17); i.e., the rate of carbon increases with 
increasing temperature, reaches a maximum and then falls off as temperature is 
increased further. This maximum deposition rate occurs at a wall temperature 
of approximately 600K at the lowest fluid velocity and appears to shift to 
higher temperatures (700 to 750K) as the fluid velocity is increased. For each 
velocity, the maximum deposition rate occurred at a lower temperature than was 
inferred from the temperature rise data shown in Fig, 17. 

The rate of carbon deposition also appears to decrease as the fluid 
velocity increases. In order to explore this apparent trend, data was taken 
from Fig. 19 and replotted in Fig, 20 to illustrate the dependency of the 
rate of carbon deposition on velocity. It can be seen that the rate of deposit 
formation decreases as the fluid velocity is increased up to a wall tempera- 
ture of 700K; whereupon, the rate of carbon deposition appears to reverse 
trend and increase with flow velocity. 

Another measure of the rate of carbon deposition which occurred during a 
test is the deposit thermal resistance build up rate (R^) , which is defined as: 
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R, = 


(Q/«(t) 


where At^ is the wall temoerature rise (deg K) observed during the test, Q/A 
is the heat flux (Watt/cm^), and t is the test duration (min,). The thermal 
resistance growth rates calculated for tube sections which exhibited temperature 
rises during testing with RP-1 fuel are shown in Fig. 21. These rates were 
calculated for the full test duration of 10 minutes. It should be noted that 
the thermal resistance buildup rates generally decreased with time as shown in 
the data tabulations for RP-1 in Appendix A. The data presented in Fig. 21 
indicates that the resistance buildup rate reached a maximum at tube locations 
where the initial wall temperature was approximately 700K. In addition, the 
magnitude of the peak appears to decrease as the fluid velocity is increased, a 
trend which is in agreement with the deposit burnoff data discussed above. 

Also, as the fluid velocity is increased, the initial wall temperature at which 
the maximum rate occurs appears to shift to a lower value. The deposit thermal 
resistance data were also plotted against the reciprocal of the initial wall 
temperature (i.e., the Arrhenius form) and are shown in Fig, 22. Straight lines 
were fit through the data on either side of the peak buildup rates and are also 
shown in the figure. A comparison of the thermal resistance buildup rate data 
obtained for the highest fluid velocity considered in this program (V = 30.5 
m/sec) with experimental data for RP-1 (Ref. 49.) obtained at velocities in the 
range 46-76 m/sec is also shown. It can be seen that there is good agreement in 
the magnitude of the rates over the temperature range indicated. 

As indicated previously in the description of the test apparatus, a 0.45 Urn 
nylon-membrane filter was placed downstream of the test section to collect any 
particles which might form in the fuel or break off from the test tube wall during 
testing. Post-test examination of the filters indicated that varying amounts 
of grey-t o-black material was collected from test to test. No particular 
pattern was evident either in the amount of deposit or the visual appearance of 
the filter paper as test conditions were varied. However, there was some 
indication that more material was collected at the higher test velocities, 
which would be consistent with increased deposit erosion which might be expected 
at higher velocities. This conclusion is complicated, however, by the fact 
that deposit vras also found to collect on the inside surface of the flexible 
hose and intermediate tubing downstream of the test section. Since it was not 
possible to determine how much of this material was carried over from a previous 
test, no attempt was made to analyze the material collected on the filter for 
subsequent correlation with test conditions. 


JP-7 Tests 

Since significant deposit formation was obtained in the tests with RP-1 fuels, 
testing proceeded to JP-7 fuel to investigate the effect of utilizing lower sulfur 
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content fuel on deposit formation rates, A summary of the actual tests which 
were performed with JP-7 fuel is also shown in Table VII. Prior to each test, 
the JP-7 fuel was sparged with nitrogen in order to reduce the dissolved oxygen 
content to less than 10 ppm. Measurements of the dissolved oxygen content were 
made with a Beckman dissolved oxygen analyzer. It was found that the JP-7 fuel 
in the as-delivered condition generally contained less than 20 ppm oxygen and 
that a 30 minute sparging of the fuel was sufficient to reduce the oxygen content 
to less than 5 ppm. Axial wall temperature distributions obtained with the JP-7 
are shown in Fig. 23, In this figure, data are presented for tests at fluid 
velocities of 6.1, 18.3 and 30.5 m/sec, all with an initial wall temperature of 
approximately 700K, The temperature distributions obtained with JP-7 are similar 
to those obtained with RP-1 , in that the peak temperature occurs near the tube 
inlet, and entrance effects which are apparent at the low velocity, disappear as 
the fluid velocity is increased. One significant difference in these distributions 
is that the magnitude of the temperature rise noted during the test appears to 
increase with velocity, whereas it appeared to be independent of velocity for RP-1 
fuel (see Fig. 17). Also shown in Fig. 23 is the wall temperature distribution 
obtained when the test duration was extended to 20 minutes. It can be seen 
that the increase in temperature observed during the last ten minutes of the 
test is not appreciably different from that observed after the first ten 
minutes. If the rate of deposition had remained constant as the test progressed, 
the deposit thickness would have increased with time and the magnitude of the 
temperature rise over the last ten minutes would have also increased as the run 
progressed, suggesting that the rates of deposit formation for JP-7 fuel are 
not constant with time. The implied decrease in deposit formation rate may 
also be attributed to deposits breaking off the wall surface after reaching a 
critical thickness or to passivation of the copper surface as the test 
proceeded . 

The axial temperature distributions obtained as the wall temperature 
was increased for a fixed fluid velocity of 18,3 m/sec are shown in Fig. 24. 
Although the results are similar to those obtained with RP-1 fuel; (i.e., 
significant deposit formation, as evidenced by a wall temperature rise, 
occurs only after the initial wall temperature was increased to approximately 
700K) the magnitude of the temperature rise was appreciably less than that with 
RP-1. This trend is also shown in the next two figures, Figs, 25 and 26, 
wherein the axial wall temperature distributions obtained with JP-7 are compared 
directly to those obtained with RP-1 for the same run conditions. The tempera- 
ture rises obtained with JP-7 fuel are generally less than those obtained with 

RP-1 fuel for most of the conditions shown. However, at a fluid velocity of 

30.5 m/sec and tube wall temperature of approximately 700K there appeared to be 

more deposit formation with the JP-7 fuel than with RP-1, as indicated by a 
general temperature rise along the entire length of tube, 
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since the temperature rises obtained during the tests with JP-7 were gener- 
ally much lower than those obtained with RP-1, it was expected that less deposit 
would be found with JP-7. When the tubes were sectioned, microscopic examination 
revealed that there was significant deposit formation with JP-7 and that the 
deposits appeared darker and more uniform than the PP-1 deposits. This apparent 
anomaly of the lower temperature rise with test time (inconsistent with the 
observation of increased deposit rates) may be due to a different character of 
the deposits formed with the JP-7 fuel. Relatively heavy deposits with JP-7 
were not anticipated, due to the reduced sulfur content, and it was hypothesized 
that the presence of antioxidant and lubricity improving additives, in the 
absence of dissolved oxygen in the fuel, might have promoted higher rates 
of deposit formation. Therefore, a test was conducted with unsparged JP-7 fuel 
(Run No. 32) to determine if dissolved oxygen might affect deposit formation. 

When the results of this test also indicated heavy deposit formation, additional 
testing with JP-7 was suspended because the JP-7 did not appear to offer any 
benefit in terms of increased thermal stability. 

Since JP-7 fuel must satisfy a special thermal stability requirement, which 
is not included in the RP-1 specification, it was assumed that JP-7 would have 
better thermal stability and; therefore, lower deposit formation at a given test 
condition than RP-1 fuel. Also, the severe hydrotreatment required to produce 
JP-7 fuel of sufficient quality to meet the thermal stability specification 
usually results in production of a fuel containing very low concentrations of 
sulfur compounds, which are known to promote deposit formation. Examination of 
previous certificates of analysis for typical batches of the two fuels indicated 
that the total sulfur content of JP-7 was generally an order of magnitude less 
than that for RP-1 . However, comparison of the certificates of analysis of the 
RP-1 and JP-7 fuels (Table V) actually tested in this program revealed that the 
difference in sulfur content between the two fuels was only a factor of 2.3, 
and not the order of magnitude expected. This smaller difference in sulfur 
content could contribute to the unexpectedly small difference in deposit rates 
observed in the experiments. 

Furthermore, in order to characterize the actual difference in thermal 
stability between the two fuels, samples were sent to an industrial laboratory 
where high-temperature stability of the two fuels was measured with a Jet Fuel 
Thermal Oxidation Tester (JFTOT) according to ASTM procedure D3241 , (Ref. 48). 

The results of these evaluations, which are shown in Table IX, indicate that 
not only do the RP-l and JP-7 both meet the thermal stability specification for 
JP-7, but that the RP-1 is even more stable than the nominally higher quality 
JP-7 fuel. For JP-7, the wall temperature that caused deposits which exceeded 
the thermal stability specification (the breakpoint temperature) was 638K. On 
the other hand, RP-l was heated to 653K, the temperature limit for the test 
apparatus, and the deposits observed were still within the specification limit. 
Therefore, based on this result, it can be concluded that the particular 
batches of RP-1 and JP-7 fuels tested in this program were not significantly 
different, and that there probably would be a slightly lower rate of carbon 
deposition for RP-1 . 
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Photomicrographs of transverse sections of tubes tested with RP~1 and JP~7 
at a fluid velocity of 6.1 m/sec and a wall temperature of approximately 811K 
are compared in Fig. 27. It can be seen that for this test condition, the 
deposits obtained with JP-7 appear to be more uniform and heavier than those 
shown for RP-1 fuel. 

Deposit burnoff tests were also conducted on the tube sections obtained 
from the JP-7 tests. A summary of the results of these tests is given in 
Table X. Since only a limited number of tests were performed with JP-7 , not 
enough test data was available to graphically indicate the trends with test 
conditions. However, the tabular data do indicate that the deposit formation 
rates are generally of the same magnitude as was determined for RP-1. However, 
unlike the results obtained with the RP-1 fuel there does not appear to be a 
significant effect of fluid velocity on the deposit rate. This result is 
also in agreement with the temperature rise indications noted previously in 
the discussion of the JP-7 tests. 


Propane Tests 

All deposit formation tests with propane were conducted at a pressure of 
136 atm. For commerical-grade propane, test data was obtained for fluid 
velocities ranging from 6.1 to 36.6 m/sec and for wall temperatures ranging 
from 422 to 811K. Most of the tests using commerical-grade propane at the 
higher temperatures (700-811K) had to be terminated prematurely; i.e., before 
the full ten minute test time was achieved because the wall temperatures near 
the fluid exit end of the tube fluctuated excessively and eventually exceeded 
the maximum allowable level (866K) . Since this behavior, which will be discussed 
in detail below, was expected to also occur with chemical ly-pure propane, 
subsequent tests with chemical ly-pure propane were limited to wall temperatures 
between 422 and 589K. A summary of run conditions for both commercial-grade 
propane and chemical ly-pure propane is shown in Table XI. 

The tube outer wall temperature distributions at the start of test that 
were obtained for propane and RP-1 over a range of electrical power input levels 
are compared in Fig. 28. It can be seen that unlike the results obtained for 
the distillate fuels RP-1 and JP-7, the wall temperatures observed in the pro- 
pane tests at the start of the test run exhibited a more or less monotonic 
increase in temperature from the inlet end to the exit end of the heated tube. 
This behavior would be expected from a fluid whose local heat transfer coeffi- 
cient was nearly constant over the range of bulk temperatures from tube inlet to 
exit. All the required transport properties data for propane are not available 
at the temperature and pressure of the tests, and therefore, a detailed heat 
transfer analysis (TCAL) of the variation of wall temperature and heat transfer 
coefficient along the tube length could not be made. However, low-temperature 
property data for propane indicates that the expected variation of heat transfer 
coefficient at higher temperatures would be much less than that shown for RP-1 
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in Fig, 7, and therefore, the wall temperature distributions obtained with 
propane are not unexpected. Also the entrance effect which was observed in the 
RP-1 and JP-7 wall temperature distributions is not apparent in the propane 
distributions shown in Fig. 28. This result is not surprising since even at the 
lowest flow velocity of 6.1 m/sec, the flow Reynolds number for propane was 
substantially higher than that for the RP-1 and JP-7 fuels. 

An anomaly which can be seen in Fig. 28, is a sharp increase in wall temper- 
ature near the tube exit at the highest power setting “ 700K) . Further, 

at the higher power settings, the wall temperature readings were observed to be very 

unsteady with increasing test time. An example of this behavior is shown in 

Fig. 29, where even though the variation of test conditions with time was small 

(i.e., < 2 percent) the wall temperature at the tube exit fluctuated over a 

200K temperature range. This behavior was consistent and was observed in the 
majority of tests where the initial wall temperature was set at 700 or 811K. 

One explanation could be the formation and breakoff of flake-like deposit 
accumulations. However, this character of deposits is not consistent with the 
physical nature of the deposits observed on the tube surfaces when the relevant 
tubes were sectioned and examined. Also, the amount and appearance of the 
material trapped in the downstream fuel filter was not significantly different 
from that observed after the low temperature tests or after tests with RP-1 and 
JP-7, Of the eleven propane tests that were conducted at wall temperatures of 
700K and above, ten had to be terminated before the full ten minute test 
duration was reached because the wall temperature oscillations became so 
severe that the maximum over-temperature condition of 866K was exceeded. 

Fluctuations in wall temperature were also observed during many of the tests 
which were conducted at temperatures of 589K, although they generally were not 
as severe and did not lead to premature shutdown. 

It should be noted that when the test tube wall reaches 589K, the bulk tempera- 
ture of the propane exceeds the critical point (366K), suggesting that perhaps the 
temperature fluctuations may be due to a change in character of the propane when 
the critical temperature is exceeded. Moreover, when the wall temperature exceeded 
700K, and severe temperature instabilities were observed, the measured bulk 
fluid temperature was generally in the range 400 to 500K, In this temperature 
range, the specific heat of propane at a pressure of 136 atm changes very 
rapidly with temperature and passes through a maximum at 440K (Ref. 43). 

Therefore, it would appear likely that other properties of propane such as 
density, viscosity, and thermal conductivity may also be changing very rapidly 
and that these properties changes could lead to the unusual heat transfer 
characteristics that were observed for propane. Instabilities have been 
observed in other experiments in which propane was flowed through heated tubes, 
particularly at higher wall temperatures (Ref. 50). 

The wall temperature distributions obtained for both grades of propane are 
not appreciably different and are compared in Figs. 30 and 31. Data obtained 
for a maximum wall temperature of approximately 422K (Fig. 30) indicate that 
wall temperature increased from the tube entrance to the exit and the local 
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temperature measurements were essentially constant over the ten minute test 
duration. At a maximum wall temperature of 589K (Fig. 31), the wall temper- 
ature again increased along the length of the tube, but the local wall temper- 
ature varied with time as the test proceeded. In contrast to the test runs 
conducted with the kerosene fuels, a continuous drop in local wall temperature 
with increasing test time was frequently noted with the propane fuels, 
suggesting that deposit formation may have occurred but that the deposits were 
rough enough to significantly increase the turbulence level in the flow, and 
thereby, increase the heat transfer to the fuel. The drop in temperature 
appears to decrease as the velocity increases, or consistent with the 
hypothesis above, the **rough wall" augmentation in local heat transfer char- 
acteristics diminished at the higher Reynolds numbers. 

The deposit burnoff data for the propane fuels are tabulated in Table XII. 
Since most of the high-wall temperature (> 589K) tests with propane were terminated 
prematurely, the burnoff data could not be used in a graphical presentation of the 
dependence of the rates of carbon deposition on wail temperature. The rate data 
shown in Table XII for wall temperatures of 422 and 589K indicate that the deposit 
rates for both grades of propane fall in the range 400 to 600 yg/cm^-hr, and 
generally overlap. Therefore, the rate data for the two fuels were combined to 
correlate the rates of deposit formation with fluid velocity. The average rate of 
deposit formation calculated for each test tube at wall temperatures of 422 and 
589K is shown in Fig, 32, Although there is some scatter in the data, the carbon 
deposition rate for propane fuel appears to decrease slightly with increasing 
fluid velocity for each wall temperature condition. As is shown in the figure, at 
low velocities, the deposit rates for a wall temperature of 389K are higher than 
the deposit rates for a wall temperature of 422K; however, at the higher fluid 
velocities, no significant difference in the deposit rates is discernible. 

Microscopic examination of the deposits obtained with both types of propane 
indicated heavier, blacker and more uniform deposits than those observed with the 
kerosene-type fuels, especially at the higher tube temperatures. The carbon 
deposition rates determined for propane in the burnoff tests confirmed this 
observation, and the deposit levels are generally higher than those obtained 
for either of the kerosene fuels at any given tube wall temperature. The carbon 
deposition rate for propane generally ranged from 400 to 600 yg/cm^-hr over 
wall temperatures as low as 394 to 533K; whereas comparable rates were not 
observed for the kerosene fuels until the wall temperatures reached 589 to 
700K. 


One test with chemically-pure propane, (Run No, 53), was repeated (Run No. 60) 
but purposely terminated after a duration of 3 minutes to determine the effect of 
test time on deposition rate. The average deposit rate for the short test was 918 

o 

yg/cm -hr whereas the rate calculated for the full ten minute run was 352 
yg/cm^-hr; a decrease in deposition rate by a factor of 2,6. Also, two tests 
with commercial-grade propane (Run Nos. 33 and 34) were conducted at essentially 
identical test conditions but for different test durations, i.e., 2 and 5 minutes, 
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respectively. The burnoff data also indicated a decrease in the deposition rate 
with time by a factor of 2.7 (i.e., 2021 ug/cm^-hr for the 2 minute test vs. 738 
)Lig/cm “hr for the 5 minute test). For the limited number of results obtained it 
appears that there may be a nearly linear decrease of deposition rate with time 
and therefore, test duration may be an important factor to consider in deposit 
rate correlations. 

Photomicrographs of representative transverse sections of tubes which were 
tested with the propane fuels at a velocity of 30.5 m/sec and wall temperatures 
of 589K are shown in Fig. 33. It can be seen that the deposits are generally 
thicker and more uniform than those obtained with the kerosene fuels (cf . , Fig. 

27). Also, it appears that for this test condition, there may be less deposit for 
chemical ly-pure propane than for commercial-grade propane. 

An interesting phenomenon that was observed in many of the higher wall temper- 
ature propane deposits was the appearance of dendritic or tree-like formations in 
which the deposits appeared to grow out from the copper surface as filaments. 

This stucture is apparent in Fig. 34. Scanning electron microprobe analysis, 
discussed in a later section, revealed that the filament composition was primarily 
copper, with some carbon concentrated at the base of the tree-like structure. The 
dendrites were quite tenaceous and although they could be removed by hard scraping, 
they could not easily be brushed or blown from the copper surface. 

Filament deposits have been observed in various studies of carbon deposition 
on metal surfaces and several mechanisms have been proposed to explain filamentary 
carbon growth (Ref. 51). One explanation is that after a carbon particle is 
deposited on metallic surface, it diffuses into the bulk metal, either by dissolv- 
ing in the metal or by diffusion through the surface and grain boundaries, and 
aggregates at some active sites along grain boundaries to form carbon nuclei. 

These nuclei grow to microscopic carbon through the continued supply of carbon 
atoms and push the metal grains out of the substrate. Copper does not dissolve 
carbon to any extent, but it does form filamentary deposits from acetylene (Ref. 
52). These filamentary deposits on copper are quite different from carbon fila- 
ments. They grow erratically and once formed, the filaments appear to be reactive 
toward one another, and sometimes fuse together to form a solid mass in which the 
original filaments are indistinguishable. 


High Pressure Tests 

A limited number of tests were conducted with RP-1 fuel at pressures 
above 136 atm using the modified fuel delivery system described previously. 
Briefly, this system consisted of two piston type accumulators in series; the 
first accumulator contained hydraulic fluid on one side of the piston and test 
fuel on the other side, and the second accumlator (which emptied through the 
test section) contained test fuel on both sides of the piston (see Fig. 1). 

With this arrangement, the hydraulic fluid and the test fuel were separated by a 
fluid volume, thus eliminating possible contamination of the test fuel by any 
hydraulic fluid left on the wall of the accumulator or by leaking across the 
piston seals. A high-pressure piston pump was used to supply the accumulator 
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with hydraulic fluid* A handwheel located on the pump controlled the flow rate 
of hydraulic fluid through the pump and was set at the appropriate rate prior to 
initiation of the test* Pressure was regulated by bypassing excess hydraulic 
fluid through a pressure-relief bypass. During testing with this high-pressure 
system, it was found that the flow rate of hydraulic fluid through the pump 
tended to drift during the test. Therefore, compared to the low-pressure 
system, more frequent adjustment of the flow rate through the test section and 
the electrical power into the test tube was required to maintain the desired 
fuel velocity and wall temperature. 

A summary of the run conditions for the high-pressure tests is shown in 
Table XIII, The tube wall temperature distributions obtained at pressures of 
136, 204, and 340 atm are presented in Fig. 35. As can be seen in the figure, 
there are some differences in the wall temperature distributions and temperature 
rises obtained at each pressure. Much of these differences can be attributed to 
the variations in the test conditions, noted on the figure, which occurred because 
of the difficulties discussed above. Therefore, it would appear that there is no 
significant change in the wall temperatures as a consequence of increasing pressure, 
suggesting that the rate of deposit formation is relatively independent of pressure 
over the pressure range of 136 to 340 atm. Microscopic examination of the deposits 
obtained from these tests also revealed that there was no substantial difference 
in deposit appearance over the range of pressures tested; that is, the deposits 
were generally brownish-red in color, occasionally intermixed with black and/or 
grey-metallic streaks or specks. 

A summary of the deposit burnoff data for the high-pressure tests is presented 
in Table XIV, and the overall rates pf carbon deposition which are plotted in Fig. 

36 fall within a relatively narrow band. A least squares fit of this data produced 
the straight line shown in the figure and indicates that the deposit formation 
rate increases slightly with pressure. 


Tests With Nickel-Plated Tubes 

Copper is prevalent in rocket engine cooling systems because of its 
superior thermal conductivity. However, previous experimental studies of the 
effect of wall materials on deposit formation, Refs, 6, 10, and 32, have 
indicated that carbon deposit rates on copper can be very high. Also, the 
results of the present experiments for kerosene fuels and propane fuels 
discussed in the previous sections appear to corroborate and extend the 
findings of the earlier experimental studies. It would appear that the copper 
surface probably promotes deposit formation to as great an extent as any 
deposit forming precursor contained in the fuels tested. Therefore, in order 
to obtain an indication of the importance of the tube wall material on deposit 
formation, five tests were conducted using tubes in which the inside (copper) 
surface had been plated with nickel by means of an electroless process. All of 
the tests were run using RP-1 fuel at a pressure of 136 atm, A summary of the 
test conditions is shown in Table XIII. The tube wall temperature distributions 
obtained with the nickel-plated tubes are compared with those obtained with the 
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copper tubes in Fig. 37. It can be seen from the figure that the temperature 
distributions are very similar and that the temperature rise obtained with the 
nickel-plated tube is significantly less than that obtained with copper, 
suggesting a substantial decrease in deposit formation. 

The tubes used in the nickel-plated tube tests were sectioned and subjected 
to microscopic examination and deposit burnoff measurements. Initial microscopic 
examination of the virgin tubing indicated that the appearance of the nickel sur- 
face varied from rough granular to smooth fine-grained, perhaps due to variations 
in plating solution concentrations stemming from lack of solution agitation/circu- 
lation or solution instability. However, because of the differences in grain 
size and color as viewed through the microscope, (varied from black to metallic 
grey), it was difficult to distinguish black carbon deposits. Photomicrographs 
of transverse sections of the test tubes are shown in Fig. 38. They indicate 
that the nickel coating was generally of good quality and of uniform thickness 
(.0002-. 0005 cm). These photomicrographs (at 500X magnification) do not indi- 
cate any significant deposit formation. 

A scanning electron microprobe analysis was made of the five sections 
taken from the tube which was tested at a wall temperature of 700K and fluid 
velocity of 6.1 m/sec (the test condition which gave the highest deposition 
rate on copper). Photomicrographs taken at a magnification of 1600X revealed 
no deposits, and an elemental analysis indicated the presence of nickel and 
phosphorus (the major constituents in the electroless plating solution) but no 
copper, carbon, oxygen or sulfur. Also, the results of the burnoff tests of 
the sectioned nickel-plated tubes, presented in Table XV, indicate that very 
little material was deposited on the nickel surface during testing. Since the 
average rates of deposition ranged from 40 to 80 ^g/cm^-hr, it can be con- 
cluded that a substantial decrease in deposit formation occurred when the copper 
tubes were replaced with nickel-plated tubes. 


Deposit Morphology 

In order to characterize the complex structure of the deposits observed 
during this program, a scanning-electron microscope (SEM) was used to study 
the deposits. The SEM is particularly useful for examining solid specimens 
whose surface structures are rough, because it has considerably greater depth 
of focus than a conventional ref lected-light microscope. As an aid in interpreting 
the SEM photomicrographs obtained in this program, a brief discussion of the 
morphology of the carbonaceous material (Ref. 53) is useful. Carbon lends it- 
self to the formation of stable complex solids because of its chemical valance 
of four and its readiness to combine with itself and with other atoms such as 
hydrogen, nitrogen, oxygen, and sulfur. In such carbonaceous materials, the 
carbon atoms are bound together by strong covalent bonds to form the main units 
of molecular structure which can consist of chains or rings or both. Molecules 
with random three-dimensional networks and no particular microstructure may 
also be formed. 
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When viewed with a SEM, amorphous materials, such as asphalt, show no par- 
ticular form because the molecular structure lack any order. On the other hand, 
crytalline materials, such as graphite have sharp geometric outlines because 
both atoms and molecules are arranged in a very high degree of three-dimensional 
order. Carbonized materials such as coke, however, are distinctly different 
from other carbonaceous materials. While they are neither amorphous or crystal- 
line, these carbon residues do have a limited organization and orientation which 
gives them characteristic features. Generally, the carbon atoms tend to group 
together in tightly packed aggregates of spherical particles, 

A SEM analysis was performed on four samples of deposit, one for each fuel, 
which were obtained in tests conducted with copper tubes (Run No, 3, 29, 40, and 
55). SEM photomicrographs of the inside wall of a test tube at locations near 
the tube entrance (1.9 cm), in the middle (12.1 cm) and near the exit end (21,2 cm) 
are shown in Figs, 39 through 42. For reference, a photomicrograph of the surface 
of an unused tube is shown to the left in each figure. 

The microstructure of RP-1 deposits (tube wall temperature of 700K, 
velocity of 7.2 m/sec-Run No. 3) is shown in Fig. 39. Near the entrance of the 
tube (1.9 cm), there appears to be a continuous film of deposit on the surface 
of the copper substrate. At higher magnification, it can be seen that the 
deposit is made up of agglomerated particles, which are very small (--0.5 fim) 
and spherical in shape. In the photomicrographs taken at the 12.1 cm location, 
the microstructure of tightly packed aggregate of spherical particles is more 
evident. It appears that the top film of deposit fractured, exposing a 
highly-fused substrate which has been overlayed with the tightly packed spherical 
agglomerates. The photomicrograph taken at a location near the exit of the 
tube reveals another type of microstructure that has a more vitreous and 
amorphous appearance. Again, it appears that fracture of the deposit had taken 
place and the fused substrate is evident. 

SEM photographs of JP-7 fuel deposits (tube wall temperature of 700K, velocity 
of 17.3 m/sec-Run No. 29) are shown in Fig. 40. Again, the microstructure of 
tightly packed spherical agglomerates typical of coke deposits is evident. In 
the photograph taken near the entrance of the tube, there are areas where the 
deposits appear to be more flocculent and porous. The photograph taken of the 
section from the middle of the tube shows a knobby surface which appears to 
have been formed by fusion of the spherical particles. The photograph taken 
at the end of the tube indicates a deposit which is vitreous in appearance. 

Not as much deposit fracturing is evident as was observed in the SEM analysis 
of the RP-1 deposits. The JP-7 deposits also appear to be generally more 
uniform than the RP-1 deposits. 

The microstructure of commerc ial -grade propane deposits (wall temperature 
of 700K, velocity of 30.5 m/sec-Run No. 40) is shown in the SEM photo- 
micrograph presented in Fig, 41. The sections near the entrance and at the 
middle of the tube show the typical dendritic formation. The dendrites were 
dispersed randomly along the entire length of the tube. Close-ups of these 
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areas do not show the aggregates of spherical particles that were observed 
with the kerosene type fuels and that are characteristic of coke formation; 

The highly-magnified photos of the dendrites show a distinctly smooth, finger- 
like structure. The microstructure of the deposits at the exit of the tube 
where the temperature was highest, is more dendritic in appearance and the 
finger-like deposits are more uniform and cover larger areas of the tube 
rather than being randomly clustered. 

The microstructure of deposits obtained with chemical ly-pure propane 
(wall temperature of 589K, velocity of 18.3 m/sec-Run No, 55) is shown in Fig. 
42. It can be seen that the dendritic formation is not as obvious at this 
wall temperature condition and that clusters of packed particles are spread 
across the length of the tube. These clusters appear to overlay a fused layer 
of deposits and are made up of packed spherical particles similar to the 
microstructure of the deposits obtained with the kerosene fuels. A SEM analysis 
was not made of deposits obtained in tests with commerc ial -grade propane at low 
wall temperatures. However, samples of deposits from tests with both grades 
of propane at various test conditions were examined microscopically at magnifi- 
cations up to 400X and no apparent differences in deposit appearance was 
discerned . 

These photomicrographs, shown in Figs. 39 through 42, indicate that the 
deposits accumulated during the heated tube tests are generally not formed on 
the tube surfaces as smooth, continuous films of uniform structure and composi- 
tion. Instead, they indicate that discrete particles, spherical or dendritic 
in shape, accumulate over a fused substrate to produce a highly variable three- 
dimensional structure. The deposit surface appears to be sufficiently rough 
to significantly increase turbulence and thereby affect heat transfer. However, 
there also appears to be areas of the tube in which the surface has become 
smoother during deposit formation. From the SEM photomicrographs, it is obvious 
that surface roughness and deposit homogeneity can be expected to change along 
the length of a test tube and may significantly affect the local heat transfer 
characteristics. 

As indicated in the discussion of the results obtained in tests with 
nickel-plated tubes, it was difficult to visually identify any deposits on 
the nickel surface using the relatively low-magnification ref I ec ted-l ight 
microscopes. A SEM analysis was made of a nickel-plate tube which has been 
tested with RP-1 fuel at conditions which gave substantial deposits in copper 
tubes (wall temperature of 700K, velocity of 6,1 m/sec-Run No. 70). The SEM 
photomicrographs of the surface of this tube are shown in Fig. 43. The photo- 
micrograph shown at the extreme left shows the microstructure of a virgin tube 
and indicates a corncob appearance which is typical of an electroless-pl ated 
surface. The photomicrograph taken of the surface of the test tube near the 
fluid entrance end (1.9 cm) shows no appreciable difference in appearance from 
the unused tube. There is evidence of some deposit-like structure at the middle 
(12.1 cm) and near the end (21.2 cm) of the test tube, but they appear to be 
more random and widely dispersed than the deposits obtained in the kerosene fuel 
and propane tests. 
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A limited qualitative elemental analysis of the deposits was made utilizing 
a Scanning Electron Microprobe (SEMP). The SEMP incorporates an x-ray energy- 
dispersive spectrometer (EDS) which produces a qualitative scan of elements which 
are present in the deposit within a detectability limit of approximately 200 ppm. 
Because of poor sensitivity for elements with atomic numbers less than twelve, 
the EDS scan excludes likely constituents of deposits such as hydrogen, carbon, 
oxygen, and nitrogen. Also, x-ray emission from a thin conducting layer of gold, 
which coats the specimen to prevent charging, may mask the emission from elements 
such as sulfur. However, a selective wavelength spectrometer can be used with 
the SEMP which will allow characteristic x-ray mapping of selected elements. An 
image of the x-ray emission for the selected element is produced and matches 
exactly the standard photomicrograph of the sample. The presence of the element 
is indicated by clusters of white dots on a dark background to allow easy identi- 
fication of the areas of local concentration of the particular element. 

A SEMP analysis was made of samples from the same five test tubes which had 
undergone SEM analysis. The EDS scans of these samples indicated that besides 
the gold overlay and the parent materials in the inner tube surface; i.e., copper 
and nickel/phosphorus, other elements such as silicon, aluminum, potassium, cal- 
cium, and chlorine were present. It is believed that these materials were intro- 
duced during the cleaning and polishing required in the sample preparation for the 
SEMP analysis. 

The results of the selected-wavelength analysis made with the SEMP are shown 
in Fig. 44. In the figure, the upper series of photographs correspond to a tube 
deposit obtained with JP-7 fuel. The first photograph shows a SEM photomicrograph 
of the deposit sample. This region was selectively scanned for the presence of 
copper, carbon, oxygen and sulfur and, if present, these elements would be in- 
dicated by an agglomeration of white dots against the dark background. It can 
be seen that the copper surface of the tube is clearly outlined but that no 
significant copper is contained in the area occupied by the deposit. The deposit, 
however, contains a heavy concentration of carbon and a smaller concentration of 
sulfur. The SEMP analysis of RP-1 fuel deposits gave essentially the same result 
as the JP-7 analysis except that a small concentration of oxygen was also present. 

The bottom set of photographs represent a SEMP analysis of the microstructure 
of deposits obtained with propane at a high tube wall temperature ( ~ 700K) condi- 
tion and shows a typical dendrite formation. It can be seen that the dendrite 
contains a high concentration of copper, suggesting that tube material was forced 
up and away from the surface. Most of the carbon image results from that contained 
in the potting material but some carbon is also evident at the base of the tree-like 
structure. A very small concentration of sulfur is also indicated but no oxygen 
was observed. A less detailed SEMP analysis of a tube deposit obtained with 
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chemical ly-pure propane at a lower wall temperature ( 589K) was also performed 
(not shown in the figure). No obvious dendritic formations were observed in this 
particular sample although the deposit material contained significant amounts of 
copper, the presence of which may account for the observed decrease in wall 
temperature with increasing test time (see Fig. 31). However, the carbon content 
of the deposit was substantially more than that observed in the dendritic structure. 

A SEMP analysis was also performed on five separate areas along the length of 
a nickel-plated tube which was tested at a wall temperature of 700K with RP-1 
flowing at a velocity of 6.1 m/sec (the test condition which gave the highest 
deposition rate with copper). Photomicrographs at a magnification of 1600X re- 
vealed no deposits and an elemental analysis indicated the presence of nickel and 
phosphorus (the major constituents in the electroless plating solution) but no 
copper, carbon, oxygen, or sulfur. 
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CONCLUDING REMARKS 


The thermal decomposition (coking) limits and rates of deposition in heated 
copper tubes for two standard hydrocarbon rocket fuels, RP-1 and commercial-grade 
propane, have been investigated. In addition, tests were conducted using de- 
oxygenated JP-7 and chemical ly-pure propane as representative of more refined 
cuts of the standard fuels to determine the effect of improving thermal stability 
by reducing the concentration levels of deposit-forming precursors. The apparatus 
developed for these tests permitted independent variation and control of tube wall 
temperature, fluid pressure, and fluid velocity in order that the effects of each 
parameter could be investigated independently. 

The results of the experiments with RP-1 fuel were as expected, in that there 
was previous evidence that copper promotes deposit formation in kerosene-t^pe fuels. 
However, the relatively high deposition rates of between 400 and 600 \ig/cm -hr at 
temperatures of 500 to 800K for only a ten minute test duration were not anticipated. 
Peak deposit formation occurred near 700K, which is consistent with results obtained 
with kerosene-type aviation fuels. The deposit coverage was generally non-uniform 
and ranged from specks, to connected islands of deposits, to essentially full 
coverage. No particular pattern could be established with test conditions and the 
non-uniformity of deposit coverage made a determination of the point of incipient 
deposit formation impossible. 

It was believed that JP-7, with a lower sulfur content (typically an order of 
magnitude lower) and a stringent thermal stability specification, would be a good 
simulator of refined quality RP-1 and demonstrate improved thermal stability. 

However, no benefit in terms of increased stability was realized with JP-7, since 
the results of tests indicated heavier deposit formation even though lower tube 
temperature rises were observed. Subsequent evaluation of the actual difference 
in the thermal stability between the two fuels was made in a series of tests using 
a Jet Fuel Thermal Oxidation Testor (JFTOT) to determine the breakpoint temperature. 
The results of this evaluation revealed that both the JP-7 and the RP-1 met the 
thermal stability specification for JP— 7 , and the RP-1 was even more stable than 
the normally high quality JP-7 fuel. Also, certified analyses of the two fuels 
indicated that the actual difference in sulfur contents was only a factor of two, 
and not the order of magnitude expected. Therefore, it can be concluded that 
there is little difference in carbon deposition rates and probably no particular 
advantage in using JP-7 . 

Another unexpected result of the study was that deposits obtained with propane 
fuels were heavier, blacker and more uniform than those observed with the kerosene- 
type fuels and there appeared to be little difference between commercial-grade and 
chemically-pure propane with regard to type and quantity of deposit. The carbon 
deposition rates for the propane fuels were generally higher than those obtained for 
either of the kerosene fuels at any given wall temperature. Two interesting phenom- 
ena were observed during testing with propane. The first phenomenon consisted of 
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unusual wall temperature instabilities whenever the bulk fluid temperature 
exceeded the critical temperature of propane. These temperature fluctuations 
were especially severe at wall temperature of 700K and above. For those wall 
temperatures, the bulk fluid temperature was in the range of 400 to 500K and 
corresponded to a temperature regime in which the specific heat of propane 
is known to vary rapidly with small changes in temperature. It is likely 
that other properties of propane, such as density, viscosity, thermal con- 
ductivity, etc. may also be changing rapidly and that these properties changes 
lead to unusual heat transfer characteristics above the critical temperature. 

The second phenomenon was observed in most of the deposits recovered from 
tests conducted with propane at the higher wall temperatures. These deposits 
contained dendritic or tree-like formations which appeared to grow out from 
the copper surface as filaments. The filament composition was primarily 
copper, with some carbon concentrated at the base of the tree-like stucture. 

Results of tests with RP-1 over a range of pressures from 136 to 340 atm 
revealed that there was no substantial difference in deposit appearance; that is, 
the deposits were generally brownish-red in color, occasionally intermixed 
with black and/or gray-metallic streaks or specks. Also, there was only a 
very slight increase in deposit formation rate with pressure. For both RP-1 and 
propane fuels, the rate of deposition appeared to decrease with increasing fluid 
velocity. However, for RP-1, wall temperatures above 700K, the rate of carbon 
deposition appeared to reverse trend and increased with increasing flow velocity. 

Copper was specified for the tube inner surface in this experimental 
program because of its superior thermal conductivity, even though previous 
experimental studies had shown that deposit rates on copper can be very high. 

On the other hand, nickel, which has good thermal conductivity, did not appear 
to promote deposit formation with kerosene-type jet fuels. This conclusion 
was corroborated by the results of tests conducted in this experimental program 
which indicated a substantial reduction in depos i t-f ormat ion when copper tubes 
were replaced with nickel-plated tubes. 

Another observation made during the performance of this test program 
was that the deposition rate appeared to change with time and, therefore, 
test duration is an important factor to consider in deposit rate correlations. 
Also, post-test photomicrographic examination of the tube surfaces indicated 
that the deposits were generally not formed as smooth, continuous films of 
uniform structure and composition. Discrete particles, spherical or dendritic 
in shape, accumulated over a fused substrate to produce a highly variable 
three-dimensional microstructure. The deposit surface appeared to be suffic- 
iently rough to significantly increase turbulence and thereby affect heat 
transfer. However, there were instances where the surface became smoother 
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during deposit formation. It was obvious from the photomicrographic analysis 
of the deposits that surface roughness and deposit homogeneity can be expected 
to change along the length of a test tube and may significantly affect the 
local heat transfer characteristics. 

The results obtained in this experimental study suggest areas in which 
further work may be desirable to more firmly establish the trends observed. 

The result of the JFTOT analysis indicated that RP-1 fuel is very stable 
relative to standard jet fuels. Since it is known that deoxygenation of fuel 
significantly improves its thermal stability, additional parametric tests 
for de-oxygenated RP-1 are desirable to determine the minimum coking limits 
and deposition rates on copper. Also, since the substitution of the copper 
tubes with the nickel-plated tubes resulted in a substantial reduction in 
deposit formation, several different candidate high-thermal-conductivity 
tube materials (e.g., nickel, gold or silver platings, copper/nickel alloys, 
etc) should be investigated to determine their effect on deposit formation 
with RP-1 fuel. Furthermore, because the different techniques employed in 
manufacturing the regenerative cooling passages of high-pressure rocket 
thrust chambers result in surfaces of varying degrees of roughness, tests 
should be conducted to determine if there is an effect of surface roughness 
on deposit formation. 

Finally, some of the trends observed in the present experimental study 
were not conclusive and therefore the range of test conditions should be 
extended to permit evaluation of the effects of run time, periodicity, and 
increased velocity. 
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Cobalt, ppm by wt <.03 <.03 PWA 536, ppm — 225 
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TABLE VI 

Typical Chemical Properties of Propane 


Typical Analysis, Vol % 


Propane 

Propylene 

Ethane 

N-Butane 


Commercial 


> 90.0 

< 5.0 

< 5.0 


Chemically Pure 


99.39 

0.01 

0.05 

0.05 

0.50 


I-Butane 
Sulfur, Wt % 


< ,015 


<.005 


TABLE VII 


Summary of Test Conditions for Kerosene Fuels 
Pressure = 136 atm 


Run No. 

Wall Temp, 
deg K 

Velocity 
m/ sec 

RP-1 Fuel 

Test Duration 
min 

1 

422 

7.2 

10 

2 

589 

7.2 

10 

3 

700 

7.2 

10 

4 

811 

7.2 

1 

5 

589 

14.4 

10 

6 

700 

14.4 

10 

7 

811 

14.4 

10 

8 

811 

21.6 

9 

9 

811 

7.2 

10 

10 

700 

21.6 

10 

11 

589 

21.6 

10 

12 

700 

28.8 

8 

13* 

Varied 

Varied 

- 

14 

811 

7.2 

10 

15 

811 

24.4 

1 

16 

811 

24.4 

6 

17 

589 

24.4 

8 

18 

589 

30.5 

10 

19 

700 

30.1 

10 

20 

811 

30.1 

10 

21 

700 

24.4 

10 

22 

589 

24.4 

10 

23t 

Varied 

6.1 

JP-7 Fuel 


24 

700 

6.1 

S 

25 

811 

6.1 

10 

26 

811 

18.3 

10 

27 

700 

18.3 

20 

28 

811 

30.5 

10 

29 

700 

30.5 

12 

30 

811 

12.2 

7 

31 

589 

18.3 

10 

32 

700 

30.5 

10 


*Calibration Run 
tNASA tube 



Deposit Burnoff Data for E.P-1 Fuel 
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TABLE VIII 





Run-Section Run Time Velocity Initial Wall Section Deposit Deposit Average Wall 
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TABLE IX 



Results 

of JFTOT* Evaluation 



Fuel 

Temperature 

Pressure Drop 

Deposit 

Rating 


Deg K 

mm Hg 

Visual 

TDR 

JP-7 Spec. 

633 

25 

< 3 

< 12 

JP-7 

628 

0 

1 

5 

JP-7 

633 

0 

1 

6 

JP-7 

638 

0 

3 

12 

RP-1 

628 

0 

1 

2 

RP-1 

638 

0 

1 

4 

RP-1 

648 

0 

1 

6 

RP-1 

653 

0 

1 

7 


*ASTM D3241-27 - Standard Test Method for Thermal Oxidation Stability 
of Aviation Turbine Fuel (JFTOT Procedure) 



Deposit Burnoff Data for 
JP-7 Fuel 







Run-Section Run Time Velocity Initial Wall Section Deposit Deposit Average Wall Average 

min m/sec Temperature Surtnce Area Weight Rate Temperature Deposit 

^ cm^ mg pg/cm^-hr Deg K Rate 






TABLE XI 


Summary of Test Conditions for Propane Fuels 
Pressure = 136 atm 


Run No. 

Wall Temp. 

Velocity 

Test Duration 


deg K 

m/sec 

min 


Commercial-Grade 

Propane 


33 

700 

6.1 

2 

3A 

700 

6.1 

5 

35 

700 

18.3 

5 

36 

589 

18.3 

10 

37 

589 

6.1 

10 

38 

422 

6.1 

10 

39 

589 

30.5 

9 

40 

700 

30.5 

10 

41 

811 

30.5 

1 

42 

422 

36.6 

10 

43 

422 

18.3 

10 

44 

811 

18.3 

10 

45 

811 

6.1 

5 

46 

700 

12.2 

10 

47 

811 

12.2 

10 

48 

700 

24.4 

5 

49 

589 

12.2 

10 

50 

589 

24.4 

10 

51 

422 

12.2 

10 

52 

422 

24.4 

10 


Chemical ly-Pure 

Propane 


53 

5S9 

6.1 

10 

54 

422 

6 . 1 

10 

55 

589 

18.3 

10 

56 

589 

30.5 

10 

57 

422 

30.5 

10 

58 

422 

18.5 

10 

59 

700 

6.1 

8 

60 

580 

6.1 

3 


Deposit Burnoff Data for Propa 
A. Conmercial Grade Propane 
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405 2.68 .155 348 




Chemically Pure Propane 



400 2.71 .148 327 

412 2.71 .236 522 



TABLE XII 




TABLE XIII 


Summary of Test Conditions for High Pressure and Nickel-Plated Tubes 

RP-1 


Run No. 

Wall Temp. 

Velocity 

Pressure 

Test Duration 


deg K 

m/ sec 

atm 

min 


High 

Pressure Tests 



61 

700 

18.3 

204 

10 

62 

700 

18.3 

272 

10 

63 

700 

18.3 

272 

6 

64 

700 

18.3 

136 

10 

65 

700 

18.3 

136 

10 

66 

700 

18.3 

340 

9 


Nickel-Plated Tubes 



67 

700 

18.3 

136 

10 

68 

811 

18.3 

136 

3 

69 

589 

18.3 

136 

10 

70 

700 

6.1 

136 

10 

71 

589 

6.1 

136 

10 
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81 - 6 - 6-23 


Figure 3. Test Tube Assembly 






WALL ANCHOR 



Figure 4. Test Section Mounting 









Figure 5. Test Section Installation 
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81 - 6 - 6-4 


Figure 6. Tube and Bulk Fuel Temperature Distributions — TCAL Analysis 
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P = 1 36 atm 
1^ = 81 IK 





LENGTH, cm 

Figure 7. Axial Variation of Temperature and Heat Transfer 


81 - 6 - 6^5 





TEMPERATURE DIFFERENCE, deg K 
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P=136 atm 



Figure 8. Temperature Difference Between Tube Outer and Inner Walls 
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Figure 9. Tube Sectioning 







WATER TEST 
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Figure 10. Comparison of TCAL Predictions with Experimental Data 





RP-1 FUEL 
P = 136 atm 



Figure 12. Variation of Axial Wall Temperature with Power 
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Figure 15. Axial Wall Temperature 
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Figure 16. Axial Wall Temperature Distribution for RP-1 Fuel, V = 30.5 m/sec 
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OUTER WALL TEMPERATURE RISE, deg K 


100 





Figure 17. Outer Wall Temperature Rise for RP-1 Fuel 
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Figure 19. Rate of Carbon Deposition for RP-1 Fuel 
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Figure 20- Effect of Velocity on Carbon Deposition Rate for RP-1 Fuel 
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Figure 23. Axial Wall Temperature Distributions for JP-7 
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Figure 25. Comparison of Temperature Distribution for RP-1 and JP-7, V = 6.1 m/sec 
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Figure 27. Kerosene Fuel Deposits 





Figure 28. Comparison of RP-1 and Propane Temperature Distributions 
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Figure 30. Comparison of Temperature Distributions for Propane 
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Figure 32. Effect of Velocity on Carbon Deposition Rate for Propane 
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Figure 33, Propane Fuel Deposits 
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Figure 34. Propane Fuel Deposits 
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Figure 35. Variation of Wall Temperature with Pressure 
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Figure 38. Sectioned Nickel Plated Tubes 
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Figure 39 Microstructure of RP-1 Deposits on Copper 
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Figure 40. Microstructure of JP-7 Deposits on Copper 
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r^^(sjrorsj #oor^o^cMOaoooo 
^ rgaooooaoaoo 


LT\ 

I 

< 


m* •••••••••••• •«-<o^o •r^rvj *f--c\jooo ooo ooo 

o^ofMO»^»-tp^o^ ^cof\U"oor-^f\jr-f^a^*-ir^Ln^r-«K>^inoaaaao 
*fo^^acM/^(Nioooooof^f^ • • *o • • *-H •mco^ooh-fvjoocoaoo 
m f^oo ^ oo OvO mmrsjm ^ ^r\jfo oj * 00000^000000 

-H (MOOOOOOOOOO 


00 * ••••••• ••••• 

ro:r ^omr>o*-HfNjvOJ'J'CO*~<f^aOh -0 
*po •-Haac^tnf^JOOc^QOo^-^^ • • 
in CO o o o o lo tocsjfn *h *-h 


o *or^ *00 *ooorMOOO 0000 
(Njor^ o *-«f\jin D (\io^r^ 00a 000 
• o • * »“♦ * inr** o »~4 »-4 m o oo o o o 
r- :r r\j ro rg *00 ^Ornooo ooo 

^ fNgOOOOOOOOaO 


o************* *oc> 

0 :r — <^:TO^:rcOLnr-ooog^or-GO 
*m rHoooirjcMO ooooor^^o • * 
in r^co ^ 00 o otoocsim ♦ — < 


o *or^ *inir> *0000000000 
<\i oO(^ o ^ K>ir)*-«o ooo a oo o o o 
• vo * *-* *inpoaoaoooo 000 
r^^fsir^rvi *00000000000 

*-4 fSiOOOOOOOOOO 


G K 
K 
K 

ATM 


h- 

zzzzzzz 

♦ » 1»- 4 •— 1 ► <»■■■< 

xxxxxxx 
1 1 1 1 1 1 1 

UJO z 


z 

3 333 3 33 

OUOUJXhh 


UJ 

V. >v W. X X'v 

QUJCTH-X 

X 

►H 

rgrgfMogog rgrg 

• 0 ^ 

0 

0 

xxxxxxx 

OO. * oO •‘O 

* 

1-4 

0000000 

liJXCL UJi/>LJliJ 

0 

la.cc: 

1 1 1 1 1 1 1 

QUJX tOLJCQf- 0 

l/> Ui b- UJ >C 5 «: 3 ^: 5 ^ 


I— I/) 

s: 3 :x 2 :a:s:r 2 : 3 : 2 : »-a:aH--n/>oOH- 

O 00000000 OH- I 

LiJH“ CL h- 1 “ Z:XO 
2 -:roir)*-iO*-*— 

i-HfncO- 3 ‘ 0 ^ • # * * * * 2 X LiJ _J LJ >- 
2 ^ « • • • *-i O tfcJ ^ ^ ^ H- UJ 

—I rnoco^»-i.-i*-«rgcsj »-* 0 c:»-< 2 O 

000 a. uiij<x 

Ljra rara^arara (3 ra js o rth- 

3 : OOOCD-JO-ICC^J 

»-«0 000000 0 00«i^ -JOUJ^UJ 00 
H“ J— h— H- ►“ Ll. Li. Ll. ^ O Ll. 0 > 


I I I 


I I I 

N.OUCD 

3 zor 2: r r 3: X r X X X 2: 
<000000000000 
-I z 

X < uj ^otn«-ivn *-4 

3 O CDOtOfO COif.C^ ••***• 
>c -J QcQ • • • • f-H ^ sn (> *- 4 ^ 
Ll. >- < 0*-4 K>vD 00 eg (NJ 

CC 0 X 0 

UJ^Q: 0 Z '^3 0 ^-^< 3 < 3 fB<^> 3 ra 
3 <LJl/)>“ 

ouJ z i-luj o 00 00 00 O O O 
CL xujQacK: 0 : 0 : 010 : 0 : 0 : 00 : 0 : 


TEST DATA FOR RP-1 RUN « 5 JAN 20*1981 


Q • • • •••••»••• •h-ihCM •oiA •CM^ 

a I o <if OK) vocofo rviooKico r-^oo;rCh.-*;*‘QOifo<>jocoir)fo»-A.-Ha' 

• f«ir^o • o ^K»rofM»-ia' • •«<> •i/>OK>^coofs>f4iMrgfM*-i 
ommo I iTHnimnminrsj K> ^isjKi^cocMinojo •c^oaoc^Qaoooo 

^ I iMoaoooooooa 

•••••• 

^ • 0 • 000000000 •o(^o *^o •mo •cNj^rf'-ocowoo^r K> 

ocsj^o I ^^•ro^^ooK><^J<oKl(^r^^a<^<:t omjr ^o«a- oaKuxMniDK) 
#^h»a I o ^Kir<ora<->4Ch ^ ^ ^ • • *00 • •<> •u1^*^^a0OK1CM<^J^^JfMrM 

a»t/)ino I inimnimnmcNjro ^raKi^oorsiincNio * 0)0000000000 

-4^ I <\io oooooaooa 

!/>••• ••••••••# *000 *00 •K)CM •inMCOO^OOlCMCDOO 

O «-AKIK) I (^ IOOKI OO>KI»HfiOKI<hOO<0‘^(h^OfM<;r KIOiOinOKlQOOOKIK) 

• I l/> ^ ^ 4T • • •o) • »<h •iO it 00 OK)fM<SJfVJfM<\l 

cx> mino I to uoiTiio Lmnovi to ^CMro^^corsiinrsjr^ *000000000000 

I OrfOOOOOOOOOO 

(%!•••••••••• 

in*** ••*••••• « •oo^»-4 *o^ *040 •o*ooooaa»Minh->o-o 

ookhm I o ^o*K)r^ flOK»fsi CO cao^o--:^ O' o ^ O' —A-^ ^j-Kir-KMoocomosjcgo 
**-«0*O • ^ ^ iT ^ * • *0- * *C0 •U1<^^lO<^O^K)K)fO^OfO 

r^inm^ 1 inminmtoinrMK) •^(MK>^ooo«in 04 «o • coo 00 o 0000 00 

^*-4 • OJOOOOOOOOOO 

Oj********** 


CO*** ••••••••♦ •o*r-«oo *oo* *o^ *(^ ^OOU)COOO^ 00 

sDOcsio I o ^f^K> socoro-^oorsiao co^ ^a* orM^o-foo^ooKiKiar^o- 
• •“•o-o • > 0 ^k>k>oj*-4<o ^ if ^ • * *eo * *o *inK>insOOOi04r ^<9'fOK) 
mmiDsO I tnimntnminoiK) — »fsiK);j“ oocvjioojo- •o'oo^ooooooo 

I cMooo 0000000 

OJ********** 


0 0 0 000000000 *10^0 * 00 ^ *^o<^ *aO'^>a^r-^^<^•-•c^ 

Oooch^ I cocMincvi ^^-Kl«-*co^4<^a>m»-l(^1^•-l^K>«-l(^<^^o<-^^^o-moK) 
*0«0(0 • m ^K> K)<\j#-#o ^ ^ ^ 0 0 *0 • *o *10 vD^crooo^KiMFomro 

minmin • mminimninoifo •^ojfo^oocMiorsir^ *<>0000000000 

« cMoaoooooooo 

CM********«« 


o*** **••••••• * 000 ^ *00 *m^ *otnK>ooK>K>oh-r^ 

sO oo*-*m I o Kiocsiinr^eo «**K>«^o oo^*^o ^«^OK>Kk0>o«^Ocoooa>Kif^>» 

• o>-o I m ^K)K) <vi»-*a) * • *0 * * 0 * *infoa>r-*-90^omimn^.a’ 
K) mm in • imnininminfsiro ^<siK»;r oonaniM^ • ^00*^0000000 

•^*-4 MOOOOOOOOOO 

(S4000000000, 

• 0 0 000000000 *^o^ *of^ *mo 

cocotHiD t o Ki%ocvj^r^«o «- ak>oo 00 ^ 00 ^o*-«Jt' <a*ooooK>oo^^o 

• o^~o I m ^K)Ki cv4^co * • *co • *0 *m r^co o o o cd < x >^ o v 4 > %n 

rvi lomm 1 m mmm imncsi k» *-KMK>^corMintsic>j *^0^<^0Q0Q000 

- 9 ^ (MOOOOOOOOOO 

(M«***** 9 *** 


1 

< 


K)*** •*••••••• *(000 *OQ0 *00 *o^rMO^LntnM>^«n 

r-i I oK)«nK)%o>o(0«^K)oo>*'^oo^*-*>-K)ooaoK)oai/>r^i>aoooo 
*oh-o I m iTKifo (MrHoo ^ m cr • • *gcf • *0 •m^oc^-»^•<J)<MOO<^<^co 
rMinmtn 1 mimnm mmc\i k) co(m inrM»-< *k)o<~«^o-^*h^ooo 

rvioo 000000 00 

(M 0000000000 

(M*** 000000000 *^ 0 O>n *OCO *<^C 0 ^OOM)% 0 OO^ 

oi^fMin I ^r-K) M>«ooor-irooO'r'K>ooo^Oinro*-ioo<Mno^^ 3 - %o^oco 
* or^o I >n ^ k)k>i\j«hoo ^ mro * * *oo * *0 *uifoco«^ooo^^oooo 
«-H minm 1 mmmimmnfMK) -^cMfo^cotMinrsicM *(m— iKiPooKXMrMfMrvjrH 

(Moooooooaoo 

(M********** 

o.** ••••••••• *o^0D *epO *K>%0 *0000000000 

o^csjKi I (Mf^Of^ arsiflOO^<o(Moo>*(X>mrMr^K)roaoaoaoooaa 
*Ovnco I inKVMCM(Mr-#ooK)inK) • • *o • *0 *<r)aooQOOQOoooo 
inimn I mminmLnmrMK) ^ ro ro :a- o rsjto rg *00000000000 

(MOOOOOOOOOO 

CSi0000000000 


X 2 : 

:c )- 

o 

Ui 

o 

• 

000 L90 OOC9 OOCL 
uiujuiujujuiiijujuiujs: t 
oooooooooouj: 

H- UJt-tQ: Ohhuj to 

:xx2:z;x i-q:<lh- 

► <JUOOO»- VO.-J 

UJ)-Qu»-l- XXO 


0 X 


X 

bJObJX 


bJ 

OUlttl^X 

X 

►H 

OOCN. 

u 

0 

* tO •‘X 

• 

►-H 

a.bJt/)bJUJ 

a 

b. 

XinuJGO^-o 



xxxzzxxxxz 

HI »H l-H M l-H M IH M 8-4 

xxxxxxxxxx 

I I I I • I I I I I 
33333:X333:K 

(M rsi (M (M(M (M CM CM (M (M 
XXXXXXXXXX 


xxxxx: 

OOK^OCH 


X it 

8HK)00-^O * 

X * * * **^ 

^msn co*-4 

UJ <Ti f3 (75 <Ti 

X 

►H ouu 00 


I I 1 I I I I I I I 

N^OUIGO 

3XOXXXXXXXXXX X 
<UOOCJUOUOOOOU 
-I z 

X<(UJ ^OlA— 

tOOOmK)00:tO ****** 
bJ H» X ^ 8^ 8— UJ X -J <£0 • * * *flHi^%CO^^ 
I-4 Qc*“4 zo u.>-< ^«-4Kk>ooo^*-4*^^rMrM 

oo a. Object (Dxo 

►-(►HUJ 300:8»aJ8-Q:U XT9rBT3 rararar9<3 rara 

OOcO-JO-JQr-l3<« bjoo >* 

^-JOUJ^bJOOOUJXH4uJOUOUOUOUUO 
b. u.^ o u. > u >a X LJO ora ot o: Q: oe: ct q: a q: o: 


Om-4 sO^-J 8-4XbJA/>liJ o 

• * * * *XXbJ^biH->> 

4t >00 
r-i«-4.^(M(M 

o 
o 

UUOUO.J 
I— )— »— U- 


TEST DATA FOR RP-1 RUN # 6 JAN 20,1981 


o • • • •• •••••••• ^ \o »o ^ df* so GO o 

oooovor-jT oco^oo^^)aoaoc^oo^•<^*^<x)(^i^^o^o^x)aoc^^- ^ vD a 

• ^ r^ro fsj i-i cDoo >of^ ^ • • • (\i • •fo •moof^o^Oh- cTfOfsj^oo 

o vOvO nO>o vO^tofSiKi ^^^ro^*~-<Kkao ct ^ •iiioo*-<oooooao 

^ •-^csj ^oooaaoooooo 


□ ••••••••••••* •ooQor^ •r^iT> •sot^ *>D4/>*-4arv«-HOJ^o^c) 

o ^ 0-00 t\joo)oo ooa•-i<^^*ro<^oo^^Jf^o^l^D^^ac^ cvjoo^oo c^ o 

• roro (MfNjooao vOco^ • • • rsj • *ni •iDoor^ oo*-<r» iDfOfO »-<oo 

o sO'O ^ sOinfM K) p-ifsiM :r *-iK»oo ^ ui •if)oa*-<a ooODoo 

^fsi sooaao oooooo 

(Nis^a******* 

p************* •<^(^»«l •*--100 •focsif^ O'O 

am>x)sO -Hfsjr-r^ —locooo ooo*-•c^ h- r^corsj o r-iforvj«-*of^f^ Osoor^r-o 

• >OfViO ^ KlKMNJrHCOGO OCOcf • • •fO • • Kl *10 Of^ iDfOK) ,-iO O 

^sO^vO xO^LDrsjNn —«<\)ro ^ ^MoO ^lO • sOP O^O OOO OO o 

^rg >00000000000 

•ooM #xor^ *0^00 *r^>D^o oof\io>ro;j'a 
o o Do r>“0 lolo o coooc^ coc^csjaoo-i'— •oofNiO' ^ fooooo ofo co vO cx) >o m a 

• in(Nj<> K>K> fsi»-4ooco vor^ ^ ^ • • ro *i/)(>>or^or^ 

vOf^ >o >o>o so>o >o>oinf\»fo rHfOfo^^n cojf^ •r^oo— *0000000 

r-^rg >00000000000 

eg********.# 

•••••• •o>o>cg «>oo •k>co •h^>OK>oo*"too>o^«-*o 

r-iocOvO:rf^^O;roi^OO OOOfMOf^ ^ 0300 ^OaorOiDLO *-*Ogf^ 0>^a3s0^ o 

• m*-io >0^0 hOK3,-»-HCDoo>Of^^ • • • :t • •mh-f^f^or-^foog— »oo 
\0 >Of^ vO s0>0 >OvO ^ vOlTKNI ro i-iog tO ^ <-iK>00 d* •f^oo*-*a ooo oo o 

^rg >00000000000 



O************* •o>org «>org •rgco •OOf^tn d-*-i^oouio 
t-un>oo *-*m«-^rgoof^oa> o orgo ^ d^ooM^-Hiorot-id-ocovOo <\»h- d- rg o 

• Ln«-HO 0^0 fopo r-i«— iQsoo vOood • • *1/) • • d •LOcof^r^or^ dMog^noo 

m sor^vo >OsD >o>o vO vOiorg m rHogfOd^roooifd *cooooo 00000 o 

^fVI >00000000000 

^^••••••••••••« •O'Oin *^K> •r^o •di/3f*^K>r^dro^O O 

.-KMdLO r-^000 sO xOOO O Of\IO 03d ChCOPO f\*vOfOcog3indM vO*-*oO >X)0 0 

• lo *- 9 00 Ln fo f\K\j o 03 \0 00 d • • • id • • d •LOf^f^coo r^Kirg^ooo 
d >or->0 s0>0s0>0 sDvOinrgro ^fsj fo d co d d *00000 OOODO O 

•^rg >00000000000 t>> 

(%!•••••••••• I 

0 ******««»«*«* •g>o«-i •tnro *t-io *>oOfooooGorgoo 
ao>>Of^ dOi^oo som^o oomo d rgo3ro rgro d 000 or^ o r-ir-ivx) d o a 

• d«^oomrgrvjrgrHr^OGO >ocod • • *>0 • • d •imnh-rg^h- drg— *000 

ro>£)r^>o g3>i3 sDgD >o>OU3rg m ^rgfod i-Hrocodd *000 ooooooo 

>00000000000 

rg********** 

^••••••••••••* •U3f^d *ir>d •ooo> *d r-Od d c^f^JOoo 

rg iT» .-• rvj CO sor^ lo d rgo oaroof^^omcof^(\ir^MO>d ootndONO^Ooo 

• d>^coiT>fvj (Njrg *-»*- 9 Chco >ocod • • *>o • • d •tnMoo>o^ooofo.-«,-iOOO 
f\»^f^^£)>og3>OvOvi3^DLnr\iro ^rgrod^focodro •r^o*-^^oooooao 

^rg >00000000000 

rg*«*«**««*« 

*dOOf^ • d lO *(X>0 • d — »m O OOO O O O O 

>OOdcg sOd ddf^oo^odo r-ro incoro d^voaoodcooaoao 

• d Of^ drg rgrg o> 00 >0 CO d • • *r- • • d •Looincoino'-'ao ooa 

>of^>o vOsO >o>o >o >oinrg ho r-«(\jrod>^^ocodf^ •f^o«-**-*oooo ooo 

«-*cg >00000000000 

(Ni******##** 


O************* *>00000 *doo •do *0000000000 
o oocooo ^od d>o LO gjLOO o>^do> *- igok> torg^ d 0000 00 oaoo 
• roo^>o drg fsirg •^*“• 0^00 >0 00 d • • • 00 • • d *m«-»ODOO oooooo 
>0 0>0 0>0 >0^3 sO >Otorg *-Hrgrod*-^^Oco dd *00000000000 

^r\i vooooooooDoo 

rg********** 


2: 




^ ►- 
O >C-< 

UJ O 2 

OliJOLJS: i-t 
^ ^ :ac: ^ ^ ^ :3^ QUiQCh~lC 

* QO^ V 
0 00 00 00(0 000- * 0 *"Ce: 

LkJUJUJ UJUJ UJLiJ LJ UJUJX CLUJOLU L»J 
OOQOQQQOQOLJ XOUJCOH-O 
ujH^aoiHUj 

2 : 2 : 2 : XU z:x: sriix »^q:Qlh-_io 

oouooouooo»- V 

UJ^-Q->— X 


r XXX xxxxxx 

h- I I I I I I I I » I 
2T 3 33 ::« 3S3 JI 3 3t 3 
LJ 

X rgrgrgrgrgojrgrgpgrg 

CJ o xxxxxxxxxx 

• kh 00U(->0000U0 
cr u-cr 4 I I I I I I I I I 
oujU-ujj«: ^ ^ ^ 

o ’V UUCD 

oOh- 3ZOXXXXXXXXXXX 
«iooooooocjuooo 

XO -I z 


2T d oin — ♦ >o>-^— i«-*XLjji/) lij x<xu dOtn*-HO>-« 

►“iroa3dO • • • • • *zxui-JLJH-> 3 OCOOOrooOdO •••••• 

2 : • • • *-H dO o>f-id»^UH-Zi- <t 4— 4-uj 3^ — j 0:0 * * * • «-* d > 0 o > >-h d 
•-iroo oo*-* — *ogrg n ckhh:^o Uu>-« —J^MsOoo — 

ooo Q. ouj** cr 010 

LutB^'-a 'arargi-Ht-it-guj 3 0o:4—uji«~crozfa^a'araTafa'arar?^ ra 

X O OOCD-JO-JQ:-J3 *iljo>- 

h-lOOO OOCJO OLJCJ-J ^-JOLJ ^UJOOO LjZ^HUitJOLJUOOCJUOU 

h-i—h-i— 4-1- 4~4- 4-f— ►-u U-U-4~QU_ > o>Q- xuoorcrctcrcrorcrcrcccrQ: 


TEST DATA FOR RP-1 RUN U 7 JAN 20,1981 


•roc^ •<^00 •^\n<oQ^ 

O 4> OC^^OO^^^^ fOOOO*\Or*‘sO<^OOCp ^r-< >o 

•^rM^^^« 00 m^*>a 0 OOCDfl 0 (^^O • • •sO • •tX) 

ocooooo^^^^^^^^^ ^K>Ki ^•-4^04^1^ •cooo«~i 
^ «-4r\j ^ I oooooaoooooo 

c}^^^m^^9^^^m^^ ♦iho^ •rofo •cof^ <^^o^no^•a<^ 

oi^4T>m€0^^r^4r ^ bocm^ Chco*-*(\*o^ oo oc\iinK>o ^ 

• r-4 fS|K» vOf*-U>'X)f^ OOoOcOOKI • • • «nO •1/>I*^0 POsO 00 CSIfM I/I sOO «-i 

<^^^)0000^-r^^*•^**^*^-^•<M^O r-irOfO ;J“ f-i^O •00Oa*-4O*-**-«'^*-*O*^ 

^C4 -I I oooooaoooooo 

CM********** 

CO************* *^o^ *cMm *roo *o^or^r^O'0^f^cocorM 
•-•nO r-HT> CM *-ir- *-4 ^o-fCMCO in ^ ^ oo*~»oo ^ 

*^K»<M tf)M>O<^C 0 00 <hK> * * *<0 * *^^ *lOC^OiOin C 0 f^<M 4 f M) 0 ^ 

cOoOOOflO *-4 K>ki * c> 0*^0 *-••-• 

«^fM ^ I COQOOOOOOOOO 

ry********** 

o************* *^<o<^ *f*->r^ *^«-* *r^u>in OM>coKk^ (^o 

O CM CO GO Mr—(\JfMC^tOOO»0^ fMOfNlOf^ 

*rM^*HM>f**^^M)OO^COOOO^tO • • *0 • *C 0 .*l#>^^i^lO 0 'X>^ 
r-ooooflor^f^f^ c-‘C-c^M)CNifo •"•Kifo^cM^Oin^o • ^«- 4 a «-4 

-4CM I Ghoooaooooao 

CM»»«*****«* 

O************* **^QOf*- *f**l/> *^«*^ *Q C0<^^ 

O O '-•00 Ml CO 00 rOflO^ ^ 04 CM h- ro M> O M>CM fM it" O ^ ^ ^ OJ C3 ^ %0 

• #.4^0 M>oO^O Kl;r QCOOO Q0<^^ * * *^ * •iCkfMUlC^tn (MO^^ M>CMCM 

<^>OOQOOOf^C^C-’r^f**-C^%OfMK) »«4KIKl;J’fMjyt^4/lPO *ir>*-^0*^ «-4 *-4 »-4 f-4 •-• »-i #-4 

t-ifNj ^ I 0^0000000000 

(M««**»***** 

o************* *Q<ooo *sOQ0 *CMiM *^-CM<^ uiro^ o^ M>rsi (^ 

CjrOoO*~4fOK»P^CO ^ \0^f^ ^ OOCgfNIh* Kl^ O^OcOCOCMOCsJf^CO ^ vOiDO^Csir^ O' 

• sOf^^ 4 «-*tf^«-^ 0000 <X>O^^ * * *fO * *00 •MIC- Ml vOi /1 MO^CM^-ir^ GO 

MlOOOOOOr^C-C*«C«“ C~*C-M)CJK> r-irOKl4frM^*-4MlC4 * >D *-i 0*-< »H *-4 CM «-• »-4 

^CM ^ I ^oooaooOooa 

C4********** 

CO************* *f^C^in AMIK) *(^KI *<^ M>OC*fMOOMO^K)Ca 
O'MlKlh^fy*^ MIMIC** cocOC**MiajK»«-^h«|4lOOr^DCOCNlO^MlKlOK f**COMl^«-«MlMl 
■ 0>-t0^ M>M>«-4OM)CyC^G0 00O^ * * *M1 * *Q^ • Ml CM M) C400 ^O *-4 O CO O' CM 
K40000C* C*-C-C*'C'*f^C**NOfSJPO »-4 Ml CM *C**-AO*^ •-•Cy*-4«-4CslCM 

*HCM t-M I oooooaoooooo 

CM««»******* 

o************* *M>0OC- *rOO^ *OM> *^OCOC^OOM1<^K)K1 
OO* CMO* O^OC*OOf*-«-iO^C*- M)<h^ •-•C^ K1^0^*-*^C^CMK>C- QCO GOflOM>^«-^fMO 

• OOO* MIMIOO'PO CMOOO OO OKI • • *h- * • O^ •MlOpCO OMl O OOO^ M>M) ^ 
KlC**OOf^C-C^C**M)C**C-M)CMCO »-iK»KliCCM^«-*MlCM *C0«-4OCM fM CM «-*0 CM K> •-» 

--4 CM rH I 0^0000000000 

CM****f****« 

0«****««c4«*** *M}Q*0 *CMOO *«hM 1 *GOOf>4MlCMr-4<DO^h-Kl 

^MlfNjC** fO OrgP^rM M)^Or*- M)cO^»-«C- ^rfOO'CMO^COCMMlO* oo^c^cm%ocm*-imio 

* 0 'DO^M>COOO'CMa' 4 )OOCOO^CO • • * 0 * * • O* *M 1 ^CM 0 ^ ^^ 0 <^M 1 C**M 1 
CMC*- CO C-* C** C*-C- sOC* C*-M> CM ^ CM Mlf^ •OCMOP'lCMCMtr^OCMPOr-i 

«-*(M *-4 I 00000000000 

Kl*««******* 

•••••••**• *O^Mlcr *C**^ *M)M1 *0* OM> *lO^OO^ OO^ 00 

Oct Mll*OM> cc C^«-*C^ C^OCtar*-CMOaOCM M) CMCNICO cm o cm CC* MIO* 0«-4t-*Ml 

• OOOOOPOCMO^COOC*‘MlcOCOC>^C^ * * *0 * • O' *M 1 C**O^OM 1 KKhC*-C**CMO^ 

^C«*OOC-C^C*M>M)h* >OM)CN|fO ^ K> K1 4T K> ^ r-M Ml K1 *OCM O^ CM^O 0<M K> *-• 

^CM *-* i 0^0000000000 

CM********** 


00 

I 

< 


*^a^ro *«-mmi *mioo *0000000000 
OM) fMrO 00 ^*- 400 ^C~C‘-O-^*- 4 C‘ dF O 00 CM C^MICMGOOOO 0000000 

• M )0 Ml CM »-4 coco <> MlcT 00 00 O^^ * * *• 3 ' * • O •MICOQ OO OOOOOOO 
C- CX>C*C** C ^>0 *0 >0 sO M) CM rO*- 4 *-#Kl CO ^fO^»- 4 Ml *-4 • ^ O OO O OO OOOO 

«-»CM ^ t 00000000000 

Kl*«**«***** 


0 x< 


h- 

UJO •* z 


z 

OLJOUJX 


Ul 

XXXXXXXXXX QUJah- X 

X 

•-4 

• QO<'V 

0 

0 

0 00 0 0000 OOQ. • M) •‘QC 

• 

»-4 

UJUiUiUJUJUJUlUiUJUiX d. bJMlUJUi 

0 

U.I 



OOOOOOOO OOUJX(/)UiCOh »<4 

c-*uj»*MCk:o»-MLij Ml 
XXXXXXXXXX C-CrCLC- -JMIMIC- 
OUOOOOOOOO>- 'vO.-J 

UJH-CLH-K- XXO 
2 OMl^ M)-<-JC-iXljjM>UJ o 

►-•Mcoa-O" ***** * 2 xuj-iuiC“>- :x:^coiDi/ym<x}:t 

2 • * * *f -4 3 r M 3 ^ ** 4 -^ ^ C-H“LiJX — J OCO • • * 

*- 4 rOM) CO »-i*- 4 «-«^ <\J CM »-4 Ctc-« 2 C!> Lc -J»- 4 Kl^O 


XZ 2 TZZZZ 

xxxxxxx 

I I I I I t I 

3333333 
V. V 

<y CM CM CM CM CM CM 
XXX XX XX 
OUOOOCJU 
I I I I I I I 

1 /lUiU.UJX XX xxxxxxx 
N^OLUCD 

3 ZOXXXX XXXXX XX 
<000000000000 
-I z 

X<LU if OMl— lsO«*-< 

***** • 
• rHiJ* sOO^^ ^ 
CD ■ < »-H »-« »-4 CM CM 


000 CL OUJ<Ot 0X0 _ _ 

(jjfarararBrararafB ra rB HH LH »— lUJ 3 OQCH“LiJH-a:OZ^< 3<3 FarB^rBnsTBrB 

X 33Ofl0_JO-Ja-l3<UJMl>- 

H 40 00 O 000 O 00 «J -J -J 3 UJ -I UJO OOtJ ZH -4 UJO 00 o 00 00 o o 
. I-. u. u. h- o u- > o > a I uj Q Qc q: DC a q: a q: Qc DC Qc CK 



TEST DATA FOR RP-1 RUN » 6 JAN 20,1981 


o************* •r^ooo •org •a^^o •cooo ^ro- 9 vO*- 9 f^iNj 
o^romor<^%o^rsi(>.^ocooo>o^^^in^<:ro^inroinoa' o^r^ocNicgo'h- 

• aoo»-iaO{\iocoaooafO • • • ^ • •n •^orgoarg^f^^cof^Q 
cof^f^ cx)coh-ooh~r^GO(NjK>.-^ ui •-< vfi CT' o >0 •K>aooooo*~»oo«-< 

(NjCVi ooooooooooo 

!/>•••••••••• 

o ••••••••••••• •o<x>0' •roio •oocoo^coflO«^%orgrg 

o<^Ln<^^-g)^-o^^^ooac^c^ vc— < (Mf-Hsoor^o^r oo— 

• ooc>oaorNjo^ ooo OOK) • • • *ro #cr ^o^^o^rg^noDrgc^c^rg 

00 ooh»r^ ooaoh-aof^r*“QO<vjM*-i»-«c>^i/>'^^NOO'0 vO *10000 aoa*-io 

rgrg i oooooooaaoo 

iO********** 

CM************* *>oor^ •♦-♦r*- •<^fO *ooo^ro^iOf^ogr^ 
o r-iOfONOoO’-HO'r^cofoooo vocof^ >D ^ K>cor^<x>oOK> r-irHr- voog^co 

• f-ioao 00r-iC> 00^0 0^0 ro • « • ^ • • ro •^^Kiocgro^ofo-^o-^ 
a)^-oocoooooGOf^^^oo^g^o*-^•-^oo 40 «-^<^^<^a^o •r^aooooo«-t«-»^<^ 

cgrg - 4^1 oooaoooooao 

io***«*****» 

o***«***»«**«* • 3 “coo *o^ •rgKi •^OiOOf-inoo— icgr*- 
a ooror^ ^D•^r•^oo^ooo{^< 7 ^^^^ oioiM^fO ^o^ooo<^^MO^g^^o^^-^•f^co 

• aooa»Ha^goooc^<^o^o • • •ro • #rg • ^ so^r ororor^rgNororgNO 

>o oococx) 00 Goooco cof^<x>rgK>.^«^QO to >oo^ oio •loooooa^*-*— 

rgrg t aaoooooooao 

m********** 

ro ••••••••••••• vroGOO *Ofo •Gorg OsOiouiNor-ui 

O' 00 r^lO(^ c^^Oi^ <^ 00 00^^ sO 00 ^10^0^0^ ^ LOOM rnf" .^r-mgDM 

• oaoorHargo oo^ c>oro • • •rg • • rg • ^ c©K>a-3* i/>o i/iococor^ 
:f oooococooooo COCO oor^rgKv»H rH00LO«-4O^>o<h otn •r^oooa«~«^cg*-i<-i*-i 

rgrg i ooooooooooo 

!/)•••••••••• 


rg*******«**«***rg 

oroGOunr~rgorgcoK>»-«aa '0 cor^ 
• o *-^rg*-«rg ooooO' o^o • 
^ r^cooooocooocooo oor-rgf«^rH*-ir-> 


o************* *i/> 

o IT) co xO to r** «-H o O' ^ O' ^ 

• GO*- 9 f- 9 rg«- 9 aoO'Og>oO'a^o • 
ro rococo 00 0000 cx>f^r-“f^rg .-nr- 


o**************^ 

o ^O'cor^r-»00r-H^ 

• cooo*-i.«iooa'^ >o:j* O' o*-< * 
ogr-cocoQOoor^r~r^r-r^rg 


o •*•••••••••♦• *Ln 

a 00 o-d" GO^fNJOO'Orgf-i (\i^ 

• oooaoovo^ro 4 rrgoo«-^^ • 
•-ii^oooooocor*r^h“ r-r- rg «-Hr- 


o************* 

o rg r- r~ K» ro o to m --I ^^rg ^ ro 
• ooococog>rorg— «*^ooo-H^ • 
r^ oof^r^r^r^r^r*r-r^rg 


*«^L/) ♦of^ •O'for- inmr^\or- 0 ' ^ 
om*^>^ooi^^ rgg>Kirg^ 

• *rg • • rg •mrgrgo^ oo^ o^rg«^oo 
to •“♦o g 30 * Oto •sooooo'-^^rgrgrg*-* 

rgrg •-••-i i ooooooooooo 
m********** 

lor^ • o oo • 00 «— • •org^j’ tOtnr*» O' rH 
^^•-«mfocorg«- 43 ' 0 '^iDrgh-g) 0 'roroo 

• • cj" • •CM •inh- 0 ^ 00 ' rg>o ^ 00 ^ 00 
iD«-» 0 ' gjO' o>o •^ooo*-«^cgcgrgrg«-H 

rjrg -tr-i i ooooooooooo 

iD********** 

r^r- • g) CO *«-h ^ •o^^'Orgrorgf^ 
vOtni'Oinmor* ooo^ r<ir* oocMncoco 

• *00 • • ro •tOfoO'-^O'Ocgr^roro^g) 
tn— i 0 'g> 0 'Oi/> •f^ao*-*— « rgrg Ki rgrg— t 

rgrg i -<0000000000 

GO •I'OO' • GO ^ »rgo^o •-•ro g>rgro — *00 
vOinO'inh- D^— •ooooooog)— itorgcoco 

• • rg • • i/> •tnLnirtog>f^coor'rgroLn 
m— •OvOO'Og) •tnoo— •rgrororgrgrg— < 

(Mro -I-I I -lOOOOOOOOOO 

00— t •O' rg •^cco *0000000000 
gj nOO ^ — I ooo— •^00000000000 

• • o • *g> *10^)0000000000 
ir> — I — • g> o o gj *rgooaoooooaa 

rgK) fg— 1 1 rgoooooaoaoa 

to**#*#***** 


2 22 2: 2: Z 2 2T 2 


ic x: 


*-4 *~« ♦—**—*►-* ►»* *-*KH 


^ ♦- 
CD <1 
LUO ► 2 

OLUOlUXTH-t 
QIUQck-X 
* oo<i V 
CDOO OCDOOO OCDO. • tO •*QC 
LULULULULUUJLULULJLU £ OLLU OOLU LjJ 
QQQ OQ Q 00 QQ UJ I to UJCU O 

h*ujh-»q: 3 »-hlu to 
£2:3:2:1:22x2:2: »-aQ.»“-itoto»- 

OOOOOOOOOOH- V.(x «J 

UJH*Q.^h“ 220 
2 ^om^g)— *-J>-»2 LUtObJ <t> 

HH roco ^ O • • • • ♦ *2 XLU OLUH- >“ 3 

X * * * • g>^ — • ^ 2H- ^ iC 

—irooflo— *^-^-<rgrg »-g q :>-»20 

000 a oiu'<q: 

uj ^r3rar9 <3 ra h-t UJ 30QCH-LU 

X 3OO00-JO-JQr-J3 

»-H o UO UCJ U 00 O O -J OUJ -J lU 3 o O 
►— >0>CL 


2X22222222 
h- I I I I I I I I I I 
2 3333333333 

LU W'^>v\'V>vW\ 

X »-H rgrg rgrg rgrg rgrg rgrg 
u o 2222222x22 

• »-l OOOCJCJCJOO ou 

o Li»a: 1(11111111 

tOlUti^UJ^ 

N^cjujcn 

32022222222222 
< U3000 00U0CJUU 
3 2 

x^LU a^Din— ig>— • 

OCOOtOfOOO^O ****** 

_j cc o * * • • — I cr o C' — ♦ 

iju>- ^ ^rH rog) CO ^ rg rg 

010 

h'^(Xi^Zf3f3r9^f3f3(3<'S(3^ 

«itu</)>* 

UJ 2 ►-•LUO 00 0000000 
xiuaccaoccc a aoco: cror q: 



TEST DATA FOR RP-1 RUN » 9 JAN 20,1981 


•CMO) «sO f>JwOO(>rO(nO 
OflOfNi Qtx) OO'O hTr-« Q0*-<rof^kn ch if <\l^- »-< mo*-<K>oooo 
• OfMioin^r coooit Kl%o(^(^c^u> • • #r^ • • ^ •^r »-i ^raf\jsX>u^K>^ ^oo 
ar**coaoaor-vO'ON’ ( mpo roh^ •oo<-*4 0fMrooo<-^<^oa 
^ ^4)0000000000 


o*«****«« •♦••• #(^’<^0 •och •fo ^K^o-^rvio^o 

o ^ «4) O' CM ^ro QD o CK^i^ ro«^ 00 CM CO m o c\i ^ GO csj o) in ID o oj ID o 

• OfMcf >00 (X'O i/> • • • r*» • •irt •cJ^in«-< sO'OfO^J’ h'O 

^f*^OOCO COr^ sOM) f*^ ^sOCMfO^r^r-t ^ K» »0 K) *00 *-< OfM K>00*^^00 

^ I >4)0000000000 

•^•••••••••* 

0**«»»*«»»»««* «(hO<M ••“tjr «*h;TM>OOC>J<^0'CDO 

O-^^M) cMh- 0000 roo^oa<^<^ — ••-•ocMoor^>4)fMOror-<vO<>o Ol^)^•ooc^(MO 
•ocM^ K>cMr^a>oom • • »oo • •in •^«-i<\jK»roK»ot/>rMK»ooo 
oor-ooQOoor^ vOvO r*^sor\irOrH*-4^ r-#r»f>»K>vOi^oo •(>— <ocm fOOO»^*HOo 

^ I >4)0000000000 

•««••• ••••••• 

(^••••••••••••« «oooK> •QfM •r-ro •ln^MrMcoo^ootn\Oo 

OCM^^OfM'4>C>C\|^'“0>OaOO> 0«*40^CNlOf*^>4)*^M)*^OU>lOl/>r*> OCMCMlO (MO 

• OfM-9* fMI'^ODt^fsMMf^C^O'OUl • • •GO • •lO fO ^l/> O O 

h- rococo 001^ M>%4) f^h-M)CMf^^f-<*-4i-^r>»r^Ki>4>K>r>* •o^#-iorMfnoo*^«^oo 

^ • >4)0000000000 

•••••••••• 

• 00 >-iin •0»^ * 00 ^ • 00 K) CM f>- CM K) ^ O 
0(^^cM<-4^^->4)or»rHac^oc^^c^cM;^^«^o^Jl/)K)l/>^lnrM cMKi^Myor^o 

• 0>CM^*-^KIOO>4)CMCMf^<^P>0-^ • • •<> • •!/> • ^ m <h l/) f>“ *-1 CM C^ O 
>D>4)00G0G0f^ >4)>0^* f^>4)CMCO*-l*-4r^«-fr-f^m%4>Mf«- •0>^OCMr0OO<^«^OO 

^ i >4)000 ooooo oo 

••• ••••••• 

o************* •r-(>o •OiD •<h^ •<0(M^CMO>x)a'a^o 

Of^OOLD «^^mO>4) >4)CMOO^<M*^«-^00«~taO^>4>C*OOK)^ro gold CMlOU>CO>4)K)a 

• O (M j- O M C0>4) ^ CMf*» o O O ^ • • •Os • •U) • <9* OsO 00>4) >4)aOf>* 0CM*-«0 
|/> >OOOOOCOf>- >4)>4)r* r^\OCMKl>^ — vOCOoO •0«-4 0KIKk0O<-4<^«-90 

^ I >4)0000000000 

©•••••♦••••••# «^a>r>- •%oao *14)^ ••MK)mo>4>>4)i^m9'0 

0009* 9* (^•HC^ so<^«-•0(^c^ >4)«--Aco«-«r- >4)l/>(^G0^^9‘'-*K)^ocM^nKun^* mo 

• G0K19‘00(M0Q9a^h-OO>O9 • • •©> • • 9 • 9* O U> CMlO 9* >4) ID 00 O O 
9'>4)oooor>»h^ ^s4)^^ r^>4)CMfOr-4<^«-^<-*4r^r**M\OK)^^ •co«-ii^^f rooooo OQ 

^ I >4)000 00000 00 

«^*«*****«** 

a************* •m<>^ •^9’ •>^9' •<> 9N C^^-9■ OCMiAO 

00'4n*nroa‘ <^9“CM00^oac^<^ > 4 ) 1 -^ op cm •^foino>oo ^ 900*^9 00 

• G0K»9 ^^CM^^9 O 0>O 9 • • «Q • •!/) «9 >4)0> 9 O «4)CM0Q *-40 

fO %4)0000 r>*h- »4)>Of^ \4)CM^«-A«-**-»>^C^OOK>%4)^000 • C0*-ifM>4> fOOO OO *-^0 

^ I >00000000000 

•-^•••••••••* 

o************* •ln<^f^ *>4)9 ♦r^9 • OOOl4)>OK>09 1^0 
Of^CMOO CO v4>ir>f^ ^O(M(MaC^C^>4)rHC0r-•9'O^fM•-^^O lOmOO 9f*^ oo vOO 

• 00 9 C*0 lOCMf^K) 0> 9> O 9* • • • *1/) • 9 ^OO *^CM O O' 9 O^^ OOO 

CM s4) 00 00 >4)>4> %4)^'*'4) CM CO ,-4 r-9 00^ >4)^000 •00CM900P0OOOOOO 

^ • >4)0000000000 

•••••••••• 

^^••••mmmmmmm^m •^OCM •mC^ *>4)lO •99CM9000000 
0 9 9 >4)KIO*^C^0 4/>OaOO>4)*H<hCMCM>4)>4)l/)>4)COGO«-i9xO*-*OOOaOO 

•r* 9 rH 9r-tr-rooo Of^ oo o 9 • • •fo • •(/) •9»^or^o ooooo oo 

>4)0000 >4)>0>4> f'- >OrMCO*~« r-i— i OOCO>orOOO •Ot-^OO •-•o ooooo 

^ I >4)oar-taooaooo 


0*^****«^^**^« •900r^ •9f-i ••-Hf'- *0000000000 
oaoK>»-ir-c>cMCMco >4)9 00o>4)^oo^i/)>4)r^ >or*f<»f>-oaoaaaaooo 
• >4)<-tG0 POrHf^9 O Or>“ O Oi^ 9 • • • 9 • •in •9CMOOOOOQOOOO 

>oaoh- <0\Q ^ 4 ) r*-> 4 )CM 9 coco >ocooo *00000000000 

^ I >00000000000 


)c a: 

34 I- 

o 

uo 

OLJOLiJX 

3434343434349:343434 oujq:»- 

• oo< 

000 ooooo 00 Q. • 0 » 
ujujuj uibjuiuiujujuix auioou 
o 00 o o 00 o a ouj X </) uico 

*-uji-io:o 

XXXXXXXXXX ►-QCCLC- 

uoooooooooc- 

UJH-Q.I— 

: 90io**HO^-jA-HX ujco 

CC^c09O> • • • • • •ZXUI-JUJI 
: • • • •vh9>0 0'^9H-iUJI-'ZH- 
^K)sO 00 r-4*-lCMfM CH l 

ooo a 

|C3<^raf3raF3r3f?jr3r3i-ii-*»-iuJ 

3OOC0-J' 

«UUU OOOUUCJO-J-J33UJ 
• H* h- C- ►-H- ►-h-U. u u. 1-0 1 


Ui or U.( 

H-O 0OUJU.I 

hHLd oO >^OUJ( 

:bzo: 

**o: 

xxo 3 ; 

bJ O X <tbJ 
30CQ0i 
34 _i q:< 
0:»-i2O U_>-*4 , 

UUKCQ: OX( 

3 0o:C“iiJ»— cto; 
03CT-J 3^UJoO ' 
3UJ300LdZ»-U 
u«>o>CLXUJQe 


2ZZ22ZZZZZ 

hH K4 l~tfH l-( h-l 

XXXXXXXXXX 
I « I I I I I I I I 

3333333333 

^ V.X X N.N* 

CM CM CM CM CM CM CM CM CM CM 
XXXXXXXXXX 
0000000000 
: I I I I I I I I I I 

J34 X 34XX34 34 X 34X 
) 

:xxxxxxxxxx 

>0000000000 

9 O ID*H sO«** 

>roo090> • • • • • • 
\ m • • •t-i9 >4)0>r-49 
) «-• ro >4) 00 fH f-« CM CM 

> 

'c<5c?)Far^rjjr3CBfT5 c8c9 

1000 0000000 
: Q: q: a: q: q: C4 q: C4 o: q: 


TEST data for RP -1 RUN # 10 JAN 20»1981 


o****«*«a«*««* *000 •roo^r^ fsio oor^<^K> 

m-^rHK>Ln(Njr^<>*-^^^rK>.oinrgK>Mroa'Lnah-min— It/) oo 

• :riMin rococo t^oofM • • • ^ • •*/> •ir>oochoj*>oC)aO‘-t^co 

sOvorsiro * 000000000 ooo 

tM rsjfvi rH I 00000000000 

^•••••••••* 

o************* *^ 00 O *t^ 1 /) • ^ ^ •^-(^(^iO.-^OOKIOC^ 
o <:r 0^00 000 ^#Hir)ro^%o^K»cM^«-immroK>coco<3‘oaro.-^in 

• v^coo oi/i ro(\i ^ i/>h-G0 h“00(\* • • • *i/) •^/)•-^o^o:^^L^aaoa^^*• 

^ h~ ^ >OOCM ^ ^ 4/> «-H lA ^ ^ **^*<*40 00 00 O 00 

cM(Ni ^ I ooooooaaooo 

^•••••••••* 

o*** ■••••••••• *r^ao»H *cDin •r^rvi^^^oooin^ 

oor^f^ o^ooo sOfoo' — ^xor^fAfO»-i^iArMaoiA-4ao^ oooiAO 

• mooooiArofgfo ^r^oof^oocvj • • *vO • •%© •inoo^ioinaooo^r^ 

aOr-Kf^r*^ sO'A vOxD^fVjro ^sOiA*-HsAin •^^-4-^00000000 

rsjCSi ^ I ^oooooooooo 

^•••••••••# 

eg************* •(^l<^^ *<MA •coin •%OoO^OA4000(MvO 

o ^ CMM o -4 (M sO o GOO rsi eg O' fo ^ csiro go m -4 fo o CO oo o m o 

•inr^oo%o^(Mror<o%ocM^<Drsi • • •co • • >o *mch mooo oooo 
^xOfvjro ^ --i-hooo oo ooo 

(Nirg I <-40000000 000 



o******^^^**t* «>o>orsi •oor- •om •fsi(>ooincgooooo 
ocosor^ 4TO f\ir^ sA *Of*^o rgrsirgrsjsnmrgfn ^cocrinooaoLnLOLnr^ oo oocg 

• ^g)c^O' 0 .:r<^JfOfog^o^-oo^o • • •ch • • sC •incs**- 4 ^^mooooo<> 
vnr>r^<o ^%x)^sO<n^>ocNjK> •-•Ncm-^oin ^ •^r «-^<-4000000a0 

CM(M I -40000000000 

^•#****« ••• 

o*«*****«^***^ •mh*>o •lnc^ *rg^ •lOvO^-^-^ooo oou> 

dlti o o \C^ ot^ m — <g>o fSKMinrvi^oinmfo :t o^mm^—i^Kvoooao^ 

• :r ^ 00 com :rr>jfnrof^o oofn • • • a • • vO •LnoK>K>m^aooaom 

mr^^~^^)'X)vo^o^x>^^>^vO<\Jfo r^»nin— •m— 4— «ooooooo<-i 

(MfNJ -4 I -40000000000 

^•♦♦••••••* 

o*^*^« •••••••• •^P'M m^fo *fg^ •mr^^^ooooo-4 

ac^ vorg vnego'h* <-«a>^o rgegr^fo \Ogo*^K>m«-^^inoo o«-4foo oo ooeg 

• mmeo f^mforgro rgr^o^ r-oOM • • •og • • •in^ ^rgrgrgooooo^ 

'A'Og^g^gjvOsOrgro ^ •g) •^•- 10000000-4 h 

ogrg — i i r-«oOOOOOOOOO 


rg«*a*«*****«*« •inO'^ •^X)C^ ••^00 •g)org^o 00 00 ^ <; 

o o -4-4 00 ^ i-ico room m O' (Mg>g>o»n g>chh^m -S' ^cg^ ^-oao oom 

• fo<Mr* f^m ^rrgfo rgg>a^ r-ooM • • • ^ • •t^ •mcgf^fM<-iOOQOOOvO 
fof-r-g) g>g) g>>£)g) g>g>rMro - 4 g)m--ih-Ln^r^f^ * 00 - 4 - 400 ooo 00-4 

rg<M -4 • -40000000000 

^•••••••••^ 


0 **« •••••••••• *00 

ororg O rgsO oocccM^o^Hao - 4 fo 
• i- 4 om uvo fvj- 4-4 - 4 rgo ^ • 

eg 'O gj *»o >o gj gj ’»o —4 


olo »^in ••hO' *-4000 000 a om 
- 4 in g)K» o mm m o g >-40 oo oo a 0-4 
• • o • • o •minrgfsiooooooom 
g)me-m ^r-m ♦r-- 4 aoaaaoaoa 
rgrg -4 1 croooooooooo 
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oo g>co rgoo mm ^ cM^amm(Mrgg)g) 0 -a ‘0 0 4rg>g><d‘OOaoaooor- 
• oom g)^ ctm m rgrgo CO ^ • • • o • • o *mc^c^ oooooooocg 
- 4 r-r^ g> gjvO g>g> g> g>g><Njm — 4 g)m- 4 r^mmh-e- *^-4000000000 

f\icM -4 I rgoooaoaooao 


o****»»»***^«* •h-O'in »o(M •moo •oooooooooo 
amcog3or^mh*mg):t'-4g>g)-4{\ig>mo:j‘ rgr^mmmooooaoa ooo 
• oof^ g^mm^ crmf\joe~oo^ • • •eg • • o •mmooooooo ooo 
g) g> g) g> g) g) m g) X) g> eg m -4g)m-4oomm coe^ *00000000000 

egeg -4 i moooooaoaoa 


o 

UJ 

o 

• 

00000 00 O OOQ- 
LlJujuj ujuj ujujuj uiujz: 
QQQOQQQQOOUJ 

xxi; xsixrxxa: 

OOOUOCJOO oo»— 
UJ 

2! cfom-4g3-4«j 

enroGO^a^ ***** *: 2 : 

X * * * *-4 ^g) O' - 4 ^»^ 

- 4 moco- 4 - 4 *- 4 - 4 egrg 

Q 

Ujr 3 < 3 <'af 3 ^'? 53 r^ 3 Fa >-4 
X O 

4-4 0 00 00 OU OOO-J 

►— H~ H— ►— ►— h— H“ h— h— h*“ ►“Uu 


222 ZZ 22 ZZZ 


X 

H- 

5 k:« 

o 


*-4 1-4 »-4 »-4 4“l 4-4 #-4 *-4 1-4 1-4 

xxxxr xxxxx 
I I I I I t I I I I 
333 i :«3 333 :X 3 


CDUJX *-4 


UJ 

ujaf- X 

X 

♦—4 

03<l ^ 

0 

0 

m •Qc 

• 

»-4 


CL UJtOUJUJ 

0 ua 

XmUJCQH-O 

oOUJUUJ 

UJ VH QC D 1-4 UJ m 

VOUJCQ 

»— 

32TOX 

vao 

<10 3 

1— ae-f— xxo 

0 2 

*^xuii/)uj 0 

X« UJ 

XUIOUJ»“ >- 

3 3CDOOO 


liJH- UJ 2 C -J 0:0 

>-4 QC»-4ZO U.>-<-J 
Q Q a. OUJ<t (X 0X0 
H 444 UJ 3 oaf-“ bji—aoz 
OOODOOOa-J 3 <tUJoO>- 
O O O UJ O UJ O o O UJ 2 4H Ul 
a a H-OU. >0 >CL XUJQOC 


(M eg(M eg eg eg eg eg eg eg 
XXXXXXX XXX 
oooooooooo 
I I I I I I I I I I 


XXXXXXX XXX 
oooooooooo 


^ am -4g)-4 
m 00 : 3 ' <^ • • • • • • 

• • • *- 4 ^ 00 ^- 4 ^ 

-4rog)oo-4*-4-4*-«egeg 


^ < 3 fB ra ^ Fa ra ra rg 


oooooooooo 

aocQcaaacraaQ: 


TEST DATA FOR RP-1 RUN # 11 JAN 20fl98I 


o««*«**#**«**« •(NjcocM •rsir^ •K>f<ooooaoK»o*-4 

OfMooKi^na^^O'Orsjcorg^otnf^ sD^i)^o^<^^oK>o ■:r<^oaoaa<^ 

• • *ro • *k> ••/><> it ooooooooo 

ainininimri40ininu>t/vs»ro -ivom^Hin^oinf- •ooaaoaoooaao 

rsiiM pH I inooaooooooo 

o************* •C44> •CsliO •IMfNJvOOOOQfMOO 

0(^n^4^^•Ol^<^(^fM€OCM^(^«A^^mcoa*H(^in»oo(^r^ ^ ooooo^o^ 
•c^c^^'r^ vOwOtOinin ito* L/unro • • •ra • •m •ui;r ifpHOooooaoo 
(Mntnimnintninimninrgfo *-^sO uiiMiOir oin^ *0^0000000000 

fNjrg pH I moooooooooo 


o************* •aOOO«-l «00 •roin •OOfMOOOOO^OO 

o<> ro N 0 ^ cor^ O ^ CM^ c^ >o^ ^ vO roo ^ o GO ca &n o o oo^ o o 

•cochr^>-ui^in 4 mo^<MninM • • •rj • *ro •int^ crrvjooa ooooo 

ooo^toinLn toinui lolo LO fVKi ^hvO otn vO *000000000000 

fsicM ^ I in ooooo ooooo 

m********** 

a************* •iOO^T •oo' •<^^•^<^aoa 4 noo 
Oo^ooo^or>- «oovin(M-<a^r^>o%OvOODa4n(r»r>ocM^oa(nooa^oo 
•ooof^f^>o^ 4 r) 4 nir itoimnm • • *rs 4 • *fo •inrsimcg-ioa ooooo 
h- mu) in mm tnimmmn CM ro pH%nm«-«m^om^ *0^0000000000 

CM CM ^ I moooooooooa 

K>***#*****« 

o************* •uiphcm *Kim *r^o •(^co«^<^oooooo 
O <00^ CM Kl ^ ^ O* m Ch ^ CM 00 > 1 > CMO -♦ O^ ^ K» pH<> ;s- GO O 000 O O 

•coo^ooooMDmmm it^O'mmKi * • *cm * *ro *mmo^cM^oooooo 
%ommmmmmmmmmcMm pho m-^LOir omm *00000000000 

CJCM f-i I ^oooooooooo 

fO********** 


o************* *o«oo^ *^it *r*K> *o^pHmrMi^ mcpoao 

orot^r^ %o ch mfvi pH c^ «om mm CM o*H 00 CM^ CM CM «o c- CM flooo 00 

*(>oooaoc*m^om^ ^o^mmro * • • rH • *ki *mr^^M>^mcMOCMooo 
mm^nmmmmmmmmcMK) ^mm^mitomm *<>0000000000 

CMCM pH I moooooooooo 

K>********** 


o************* *h-oK> *^f«o *fom *m^^^<^o^-mooo 

OCMpHm%OOCM^ CM 00m CM -MO 00^ O^OOOOpHOOO^flOQOOpHMfnCMmOOO 

• ooooooocomm o m mfo • * *0 • *k> *m»oooom ;ro oopho 00 
itmmmmmmmm mmcMm ph>o m^nmit om m *0 *-*0000000 00 

CVIfM pH I sOOOOOOOOOOO 

m********** 




o**** *••*••*•* *ococh *m^ *OMD *OpHmmpHf^<x>ooo 
OKiPH^ooopHm^omcMpHOo^ mm itopn 00 .^^ ocmocj cm m ^toooo 
• cooooooc-c-mmm- 3 “Ommm • • • »-h • *ki •m<x>OpHr^c-m ctpho 00 
rommmmmmmmmmcMPo pnm mpHmd* omh- *oo<^pOoooOQO 

CMCM PH I sOOOOOOOOOOO 
ro********** 


o***** *••*••*• *CMooc> *mm *«-isO *mococomK>mcMOm 
or^moro moofn MO CMC- CM phoo^ sompHOpHoocsi-^oocMCM vom^r^om om 
•c^ocDcor^sommmitommm • • *cm * •fo *moDoocc mmm^CMOO«-i 
(NimmmmmmmmmmcMf^ m^m^ omc^ *00000000000 

CMCM pH I moooooooooa 
m«********* 


o************* *^ 

o it coco pH ro CO ^ o CM CMOO^ 
•c-ooc* cot^ mmmm ifomm-ar * 
PHmmmmmmmmmmcMco pnm 


coo *CMoo *^m *CMmooc* c-camcMC** 

m m 00 O pH O m it CC Cl CM <M CM pH pH «-• pH ^ ^ 

• *rM • • ^ *mpHrHoc^c« m m^m j* m 
mpHm^omm *rMpHOOooooooo 
CMCM pH I mooaoooaooo 

fO** ******** 


o************* *:f ccm *01^ *mm *0000000000 
oooci^ c-o^pHmcMmcMpHooo^ mmooo^cM^pHoaoooaooao 
• mooc*f^r^mmmm^ccmm^ • * *ph * *ro *m<\ioooooooooo 
mmmmmmm m mmcjm pHmmpHm^omr^ *00000000000 

CMCM PH I moooooooooo 

K>«***a***«a 


00 CD too ID CD 
UJUJLUUiUJUJUJ 
OOOOOOO 

xr xrsrxx: 

ooouuoo 


z crom 

cHfnoo it o • * * 

X * * * • pH it m 

pHK> m CO pH pHpH 

LlHB rZ 5 <a <?J fB rBO 


X X 

X c- 
ID 

UMO *• Z 
OUJiDUJXcH 

XXX Quorc-x 
• OOh*>^ 

CD CD CD a. • (/) *>cr 

ujujiijx aumuiuj 

o o ouj X m ujoD »-o 

►~uj»-HQ:3»-HiiJ m 

XXX 

uooK- va^ 

uji-aL>->- xxo 

pH m pH _J X UJl/> LU O 
* * «ZXUJ^UJI>*>- 

o pH ^»>HLiJH* z»“ <th“ UJ 

pHCMCM *-H ochhzcd 

000 O. OlU< 

30 QCH- 


zzzzz 

IH»-H»*H»HhH 

xxxxx 

I I I I I 
Z !BDIDl 3 De 

Ul 

X HH CMCMCMCMCM 

U U XXXXX 

* »-H CJOCJOCJ 

O U.Ct « • I I I 

tO LJU. UJ X X X X X 
N.UUJCD 

3 ZOXXXXXX 

<0300000 

^ 2: 

X<Ui it 

3 3 COCDoOrOGO it o • 
X-J ttO * • * *P 1 
ii.>-<^pHmmoc>pH 
Ct CDXO 

UH* aO Z r 3 <B fB fB iB 


ZZ 2 TZZ 
»-hihih>-hih 

xxxxx 

I I I I I 
333 33 
N.V^ ’S.'V 
CMCMCMCMCM 
XXXXX 
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1 I I I I 
XXX X X 

xxxxx 

ooooo 
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• • • • • 
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X 33300-iO-J0C-J3<UJm>- 

HHOOOOOOOUOO^^^OU -JCJ30 0UJZI-HUJ0000000000 

H- h- »- h- h- 1- ►- H- u. u- L a. Q li- > o > CL X UJO q: Qc cc a: oc cc q: Qc or Qc q: 


ORIGINAL PAGE IS 
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TEST DATA FOR RP-1 RUN » 12 JAN 20,1981 


o************* •or^r^ •r^c^ •cor- •^o•-•^4n^*^>oco^- 
oe^^(^fM^lnf^<co^orocoa)^-0'^n^l/>^•<^«o-Mnou)f^^^J^D^o<^ vOK)^o^%orNj 
• KK>f^^N>KlMsOmO'CO»Or^fM • • •O' • ^fOO 0*-i^K>m 00 

oof^ vO'OvX>vOvO^%or^sOfvi^ ^-<r«-coauifloc>vO •h-ooooooao'^o 

^ fNjKi ^ I cvjDoooaooooo 

!/»•#•••••••• 


(>$••••••••••••• »>oo vO •r* 

o oDoooj^ --•r^r^fofoooof^o^omoo^oco 
• rsjoo^KiK>rM^i*^^ooo >cr-csi • • «o • 

vO ^ sO 'O ^ ^ 

r-# (Njro 


r\i *xOO oo 00 ^Omoooo ^ 
fsjr^o^socofosofsjo •HO»c>a'ro^ 
#v0 •m^^K>fMoaorsii/)NO^ 

QOO lO •0»00000000*-H »H 

^ I rviooooooooao 

m»*»«****** 


a************* •kor^Qs 

o ^ r«f >o O €0 4T O (M 00 rg 00 Oh €0 00 

• rgooinror4rga)r^fM*-icoor-(N4 • • «o • 
vD»^'D>C’»OvO»0\ONOf^r^ogM *-»or^oo«-<in 

•H (Njro 


r- •oo«H ooof^ rorsjkn 

'-I ^ GO Lnooatno o %o ^ m 
• ^ •ir»fMK>ro«-»oaoi/>o>Ofn 
QOCMn *000000 0000^ 

^ I rsjOOOOOOOOOO 


*00 0104 «fO 

of^\0 soflooo c^r^ 00 uir^i/100 

• ^r^uv^ir^i(M^o^oOaOvO ^-^4 • • •r>j • 

inr-k0a}^0)k0^^f^h-<Mro <-»or^coi^4n 

^ (Njro 


»-l * ^ 04 *O^U100«-*0*-HfNJhO 
(MvO >^)xO ^^O 0*-<<> OsJiOcO 

*sO •i/>F-iror4^aaO'0 4DL0 4r 

coo if> *oooDoaooo*-< •“« 

-« I rviOOOOOOOOOO 

m********** 


o«**««***«**** •f^r^cD *4n^ *fMM •oooooao^m*-4«Hm 
Oh-cr (\jo«)foa' ^ooMooooooa)inf^kOood'OO^r^4i^ocviOQ^ooo%oo 
• — »f^uiKio4r4i/>i/>ooooo^oooj • • *ui * *r^ • m ro 04^0000 in ^ m 
^o-nO'OxOxOsO'OvOnOnOovik) ^oo^oo— * mooo 4 D •osjOooaoooo*-*— < 

{NJK> ^ • roOOOOOQOOOO 

in«**«****** 


0 «****«*»«««** •rviooK) *fOin *K>Ki •0 4>roo0'0 0 r^com <1 

Ohiao— «oror^ooD:j-coo ^aoi/icorgootn^ «^^oco(sj«-4 0 0i/iin csioui 
*^r^mK>o 4 f\i^:ro-r^co>o 00 ki • • *oo * *co *in cr ^ 04 ^ 0 OO 'OmoaM 

Ki0-4>%£)sO^%O'Os045»Of\|M —iar^00«-ii/>00O ID *i/>00000000^<^ 

^ rgK> I fooooooooooo 

in»****** ••• 


ro************* *00 

o 00 o —• o hi 04 *-• CO o 04 •"» 00 

• oo^rfor4r4cr ^LOvOGor^ COM • 
04r*-43vOvD4!)vOsOv£)vD'4)r4M Q 


soj- *M0- •rofsj *r«-#uioooOir)C4*-iir 
u 1 h-^QO>Or-«^ 4 )rojvO^OO^ :tU 1 ^ fsi 
• *0 • *0^ •U1 (M^ i^r^O tflfsj 

r^00 04U1 000 LO *0000000000— »•-« 

C 4 K> ^ I Kkoooooooaoa 

L/1********** 


o************** 

o— ihir^fNjorof^o^h^r^ooofNJ^ 
*04>^hirsjr4rorocr ^ooh - oom 
sO \0 43 ^3 43 


C 4 f^-H *K>rO • OKI •fSiOvO O aC 4 *-»r^ f 4 

<MT) 00 CN* 00 00 O inC4 OU1 0 O C40 4) h- 
• • *fo • *o •i/imr400O0C4o sO^fM 
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^ (Njro r-i I K10000000000 

ID***«»***** 
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• 0^45 J“fOrOfM(>4fOMhOOO%OOOfO • * *U1 • *0 •k/lfMOOOO O OQ OO P 
sO 43 vO vO 43 sO 4) 4) sO vO 04 hi — <0 GO 041/1 COO 4> *00000000000 

— « 04fo — irH • hoaoooaoaaoo 
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3 : • • • *— *^4DO^— 2l— UJiCO 

— <K1 vOoO — I— I— <— t04 04 hH QCl-«20 Lk. 

000 a ouj<a: 

30QCh-UJ>— 

X OOOcn J0-JQC03< 

H4 00 0U UUUOOO-U^OUJ-JUJOOOUJ 
►— * f-“ h— H- K— >— h“ H- H* h** >— Ul> U- Ll. h~ O U. > O I> CL X 


XXXXXXXXXX 
h- I I I I t I I I I I 

2 3333333333 

UJ 

►H 04040404040404040404 
O XXXXXXXXXX 
k-i ouoooooooo 
u. q: I I I I I I I I t * 

Ub. UJX X X X X X X X X 
UUCO 

20XXXXXXXXXXX 
<UOUUUUOCJUOOO 
O 2 

<X UJ ^ Ot/1 — *4) — < 

qqoomoo^o •••••• 

QC O • • ♦ •—1^4)0^— 

>- <t ^ — I P04) CO —i 04 04 

010 

QCO2^3 08rB (?5 (T5 rB rs <3 

liJl/>>- 

2 h-l UJO 00 O 000 O O o 
oQCtaorcrctccctarQrttCt: 


TEST DATA FOR RP-1 CALIBRATION RUN » 13 JAN 30,198 


•rNjoQ ainr^ •rg^mr^for-c^cof^*^ 
^ ^ ro m CM CM o> in o lAfM ^ CO ^ %o rsi«o ^ 00 O' 

• oj«- 4 co^in*^r^K>(Nj«- 4 ao • •co *tn a ^ pOnX> <^ co 4 n 

^eooor^^^^-^-^>r*^^>^•(^J^ •H—ifofOir oin oooor^f^r^ nOnO >OsO>o 

^rM ^ ^ uiaaoooooooo 

I 

f>i**««««»*****« •»o^<^ •ram •cocsi 

<Moooo^r^ rsjf^^ooKi*-ich^ ir>r--fNjco^ ;rfloeoa><^M•-• 4 n^o^•^ro^o^-roo^ 
•Roincsjo %oto oodat>-^ • • •in • •cm * 1 / 100 oin(vjfo cm r*- 
vOf^r'-f^r^NO'OvO'OvO'/XNIK) •^<^ooooo^•^^•^-^- %D 

•HlNJ ^ »-• ooooooooooo 

I K| • *•••••••• 

m••••••••••••• *fM— «oo •roK)inainrsiaoaom 

K pof*. o r-ica^ ^ 00 (h CM ro 00 ^ (N 40 a<^ o*-« 00 ro in ^ 00 ^o^- o 

• roooiD :f (\tr^ (DO o GO CO 9 • *ir> • *h- • 4 i>r^f^o^i^r-Kioc^r«-rM 

m>/)^c^«o^'n^o^ini/)CMr<> ,^ro, ro ^ cm ^ o ^ <M •^(^ «-i 6 ^ 0 ^co<Dcor»r«K 

^cM ^ ino*Haaooo 000 

I CM********** 

K)***********«« *fMa>r* *1/100 *ro<h •oc^^*>(^^(^^^cot/>o 
PO sO <> ro ^ ^ ^ a O' >0 C^ vO «n »*• K» ooo^ ^ CO ^ ^ 4 T CM Kl ^ <M 00 ^ :r CM 

• o-^^K>cM«-i*-<oaDooM cr^r • • «cm • *o om>oo ^ 'OCmo^ O'C^cm 

i/iuii/iuiLO lAi/imi/ii/nncMPO r-irofo^o»CMinPOKi •^»ooooO'oooo^*^^^»^» 

f«io*^*-*aooooc 3 a 

I (M* ••••*•••• 

m************* •%D«- 40 ' *oon 0 *POtn *0000000000 
o 00 o CM O' kOflOiT oocr coco ^TPOKioooo 000 ooo 

• so%DnOm>m>' 0'/> ^/>^o^*^coo * * *i/> • •O' *^ r'-'Ooaooao a 00 

^ rOPOrOKI KTKIKIPOKIKICMKI CO CM*H«-< * (MOOOOOOO OOO 

«-i t-H 4)0000000 OOO 


CO************* *ino^n •4><9‘ •m«4) •u>flO^-o*-loo(M^oKkoo 
t/1'OO'^O' 4>4>cp00000'0'^ tOPO 00> CM JtiA OOO'UI 4)POO»n ^ OOO' cor* 

*4>rM«-tm«-«co4)i/i^cMaoaoO'i/i • • • o • *cm *^ mo^oCMi/iPOcOin po»-«cm 

CM'OGOGOror^ 4 ) 4 ) 4 > 4 >vO(MPO «- 4 «-i^f^ 4 )K> 4 >PnCM * OUI ^CMlD 04 )<d' P^CMO' 

^ *-• ^mpOPnrocM 



^••••••••••••* * 4 >U 1 *rOCM *Of^O"OKun(MCM 4)0 < 

or^fM(Minpopo4)4)oooo'0' OK>oO'fMChi-iocD'Oino'r^pn^mr^»Hoo 4>cro 

*oin 4 >*-i h- ^ CM a O' 004 ) com • * * o * * 4 > •<^oopoo*^uioom;r ' 0 »hO' 

CM'Or^Kf^ 4)'04>4)>OincMK> ^-if'-mKM/ICMKl • ^KlOOCh QfM^^ CMrr* *0 

«-4 r- I P0^4)4)4)k/)^^^<^P0 

I *#*i| *«9 ••• 


iD •* ** * • ** * * •* **^0«^ *C0 •f^Ch •CMCOO^^ 0 *hCM ^QOf^ 
i/ih-*-«K>ocMoopn^f^^O'in 4)POr^O'(Mr^^in'0-*pn<M^a<MOcooo<Mr^m 
*OOPnfMO‘4)in<^K»CM00^ i/im * * * *C0 *^POO‘CMCM^^^4/1PO<Mf^l/1 

^m4)4)4)i/iinmi/iimn<Njpn ^cMPo^m * r^r^h-CMCM^O' 4>»or^ 

p^ 0000 4)in i/>iD -3^ 


OO************* •v’^O'O •O'^ *^4) *00*H00O' f^OGO OOCMPO 
CXJr^CMr^CO P0l/1Q4)P0«-»O‘CM POPOCMOOCM*-«f^ •-•CMf^*-* •Hf**' 4)C0 cr O'O^ 

*rM 4 >p'-r- r^4)4>ir)i/u/>a)CMPOi/> • • • co • *-h •<^ir>POf^O'in^ (Mr-i cm cf in 

if ^ iT crcr if ^ ^ (Mpn ,-*»-4#Hf'-r-i^CM^O' •ooco^m4)*-A^O'4nfM^ 

f-4 i-A O'lnooo' O' O'oor^ 

I ••••••*••* 

o************* * 0 '«*^m *4>*-* *0000000000 

OO CO (M CM CM CM CM CM CM p^ Oh- flOPOPO OCMOOmCM^ OOO •hOOGO OOO OOO 
• 4)h^ COCO 00 CO 00 00 00 00 00 O • * * CM • *4) •POCMOO OO OOO OOO 

popopopo POPOPOPoropofMPo rHh- o— «-H ^ *itaaaooao OOO 

CM COOOOOOOOOOO 

I ••••••••*• 

2TZ2rZZZZ2:ZZ 

X p- rxixrzxrzzx 

O p- I I I I I I I I I I 

Uio •* z Z 3333333333 

Old IDUtX h-t LJ 

O UJOCh- X X P^ CM CM CM CM CM CM CM CM CM CM 

• 00<V U U XXXXXXXXXX 

C9000 OC90000 a. • 1/1 •‘Qc • PH OOOOCJOOCJCJO 

UJUiUlUJUltdLiJiiJUJUJ XQ. UitOUJ LJ C7 li. 0: I I I I I I I I I I 

QOOO OOOOOOUJX inuJCQ P-O (/)UJti.LJXX!<X XXXX XX 

P“LjJp-«o:3phuj 1/1 ^(juio 

XXXXXXXXXX p- Qca.p“ -JoOtOH- 3ZOXXXX X xxxxxx 

UOOOOOOUOUP* 'S^Q I <0300U0U000U0 

UJP-CLP-P- XXO -J Z 

2 if a U1-H 4>«-* -J PH XUJ to UJ <t> X <UJ ^Om*-«43«-i 

PHpnoO^O • • • • * •2XUUUJP->- 30COlDcnPOoO^O *••**• 
X • • • * «-*^ 4)0 ^3- PHLJP-ZP- h-bJ X— I CKO • • • *«h^ 4)0^<3‘ 

rHPO4)a0*-^«-tr-4r-4f\jCM PH CKPHZO La. >-<t -J»-HP04) 00 *-H«-i»H ,-h(MCM 

OOO CL Old*/ q: 0X0 

Ujra(T9r3(TS rBOrgcara ra »- h^h i-HUJ 3 0QCI— LdP - oco z cb cara cacacBCB 'Bca ra 
X 03 0CD-I0-JQC-J3<tld«n>- 

H^OOUOOUOOOO-J-J _J3UJ .JLdOOOldZPHUiOOOOOOOU ou 

K-* I.. p- p* »- »- h- p- h- L i. La. u. p- o ii. > u > a X Id o q: q: q: a: q: oc: q: cr cr cr cr 


TEST DATA FOR RP-1 CALIBRATION RUN # 13 JAN 30,198 


•oor^ *h-mooo OKi^o^rgro 
cocoo^iCio ooinc^ 'X)ca^O' M ^afo^C)ooao*^ocMr> 4 j'oor^' 0 ^h~r*“'X)ooO '0 

• ^OoQqo cOOcx) »-<f^roco oOC^Oj • • • oo • •<nj •«— 

oo^“ «-• •"-! <h Ki >o fo csi •^j-ooooaoaoao 
^ ^ fNjM fvi^ I oooooooaooa 

(^••••••••••••« •ror-c> #oor^ •f- 40 ^om 4 ’^ 0 '^co(M 

^ or- GOO fN*OiT><^ ^ ^O'O ^ coco oo 

• i/>forsjf\j(\jMfsj :fir>^ooNor^r^4 • • «%o • • ^ 

oO v 0 n 0 n 0 > 0 'X )^^0 vOnOnOCsI^ ^^r*«C 7 ' »^</>oOO O *^00000000000 
^ *di (\IM ^ fMOOOOOOOOOO 

^ 

*vO >00 *> 01 ^ m^:r • ^lnC^ CO GO fNJ .^KHNi 

%ofvjo^<\i»-«rsih- oo*-^oooc^a^r^in ^ rsj cm r- 4 fo sO \0 >o >o>ot^f^ 

• ^ rOfOrOKiKXNJ ^OfO^CO ro CM • • »l/> • *(M •!/> 
r-mminmuoiOLn i/>Lni/>cM fo r-4(\jh-^h-:j'»-<M>a * 1^0000000000 

^ ^ f\i(Nj ^ — » moooooooooo 



m************* *M(>ro *uir^ •(^K> *romo^««<<aro^a*^ 

lAvO^-^sOOCMCNJ^O'f^ nOO 00 0000000 OO O 

• (NjCMrslfMrsJfMfM fMrOfOCO «-i<M<M • • *f^ • •*-« 

*-*CM lOKI O *100000000000 
^ <-i CM CM ^ r^DOOOOOOOO o 

^ 

ui«****** ****** *M)K»Gh *ror« *cOf -4 * vOOaoo*^**^*HOi/v^ 
>0 :t coo 00 ^ (MO O^OOO »h CMO >Of*^ M>irifOO*--tr^LnM<MOlD«-^GO 

• CM cof^ coGO ^00 •-« (M^o * * *in • • cm •tnO'-HCMr^r^cn^r^h^oo 

»-Hoof^r^f*^f**-r^r^f^r^^^CM ^ *-<«^%OLn*-HfMr^K>fMO •^cmooooocooooo 

CM K) CM*—* I infMCM*-**—**-**^*-*'— <#—««—* 

(/^•••••***«* 

(M************* *rMK> *000 * hOC><-* 0 *X>fM4f K>mO 

^cor^f^^t^oo ^ ^omc^ ooO'CO sor**r^ Win ^ o^ »-<cof^O'-*f^-S‘inrMOO 

• cotnj^wwrHr<nwfMGOC>aw * * • w • *co •m*-*ao>ochGOWo>fVj*-i*-#rM 

•-**-*vmn*— * «— *>n ooo •(Mvn^wwwcMCMWKifM 

CMM OCMfMCMCMCMCMCM r\Jf\i CM 

I m********** 

o************* *tnoo*-« *^<-( •«-<(<-« *CMCMC 0 CM winm ^<-1 w 
•-ICO cmO'Cm r^moc> ^ co ^ wr^h*r-*^«-*coo<> ^ 

• a mminoo cow • • *co * • w cm^wcmo*-* 

f-*r>- ^n^^MD«x)vX) vOsO'OfMw «-*NOin*-*oomtnooo *(^\Oirc^JCNi*^o<hO<>o 

CM CM — < — « rH WWW W WWfM WCMCM 

I 

r^*********#*** *f- 4 or*« *oo *(M> ••- 4 ^x)^CMcorsir^ vOCM^ 
locmw vnowor^^O(Mwoor^'n*-i. 3 “Lno- 3 'fMfMooar^o ^ cmo sor- oo 

*^^c 3 oaot^r^ r-h-r^coLn'nw * • • •-* * • *~* •LnfMQvCaoom*— *>nr^»— *o 

vO'Oto irnnin mmincM w »-«sDLr>,-*sO^—<'-o— « • co*-<of**'fi ^ w^-icmcmo 

(M CM •-* •-* mimn j d* j* ^ ^ -d" 

I ro********** 

iv^« •••••••••••• •(M«-t<— • •■d'ln *%cin • CMCM^ sOO^ w 

fooo^oincMO cM*-*cMO oooo^mt^r^o*-*oo^ «— *o cfCMOWr-unof^wr^fM 

• O OOQOOO cOr*- OOOOCOOO CM WW * • *•-* * *M 5 *mWr-< 00 -^ CMO^CM vOCMO 

^ iO:r ^ ^ ^ ^rCM w — »r-un— * cmwvOwcm •cmwo ^oi^ ^^cmwcmo 

C\j CM .— t *-*OOOOcOcOcOcoaOOO 

I K>********** 

o*********«*** *CMr^t^ *^r^ *-d’sO *0000000000 
ooooooooooQOQOOOwo vo^*0'«OvOLnwQOOh^in»no^QO oo ooo ooo 

• fN.. ^ ^ ^ GO 00 GO o ^ • • •O' • *in • ^ >n oo 00 o 00 00 O 

W W W W W W W W WWCM W •-« CO tn *-• lo •— * CM •-• *-c *cooooooooooo 

(M^ ^ ^oooooooooo 

I (M********** 


^ a: 

*— 

o 

LuiO Z 

QbJOUJX*-* 

:a: ^ ^ 2d QLJCdi— 21 

* 00<i^ 

0000 OOO oooql • to •‘Q: 

U UJIjJLJUJ UILJ UJUJLiJSt OL UJtOtiJLtJ 
oooaooQOoaujXinujof-o 

♦— uj»~*ci: o >— * uj <A 
xxxxxxrxxx »-QCCLh-«JOO>- 
00000 00 00 Of- V£L«J 

UJH* CLh- H- XXO 
2 ^ Oin »-*vO*-»— J H-«X LJtObJ **> 

i-hWoO^O • • • • • *2! X UJ -JUJf— >- 
X • • • ♦ ^ O ^ UJf— 2Th- ^ f- ►— UJ 

-^fooco— *•-»— **-*CMCM >-* Qc *-* ZO 

OOO a ouj**! 

uj'B raf3< a F^rara ca "a « a »-* jiocrf- 

X oooooo-ja-i 

»-»00000000000-J-JOUJOUJOO 
H- f— ►— ►— f— f— ►— f— f— f— f— lx. U- Lx. f— Olx. > O 2> 


z^rzzz^rzzzz 

xxxxxxr XXX 
f- I I I I I I I I I I 

Z :X3333:«3333 
UJ 

X ^ CM CM CM <M CM CM CM CM CM CM 

o o xxxxxxxxxx 

• *-i 0000000000 

O Ll. OC I I I I I I I I 1 * 

OUJU.LJ2d ^2d 2d ^ 2d 2d 2d 2d 2d 
'^OLUOQ 

320XXXXXXXXXXX 

*« 000000000000 
O 2 

X <t L*J ^ OlT) •-« •— * 

3 OCQO tO Woo^ C^ •••••• 

QC O * * • *«-*^vOO*-*^ 
Lu >- C _|«-4 WO 00 •-••-*•-» — *CM CM 
CC 0X0 _ 

uj^- ao 2 carara ra ra<3facaca ca 

3<lxitO> 

o LxJ Z M UJ O ooo O 00 00 O 
CLiixJQcsrQrcdcrQCQCQcCdQEacd 



TEST DATA FOR RP-1 CALIBRATION RUN 


CO 


Q 

ro 


ro 


•mooo #voco •rao^'fsif^oinoao 

rsjoor^K>cMoco*-iCsj^rsj^4r\^f*-oc\ia^fvjr^ 1-4 ro vO%o^-‘ 4 - ooch Ki^omoao 
• coco «^00 004/) ooO^ O • • *0 • •i/)Ki<MOfNJiH(>jroroaoo 

^ooo^*•^^ r^f^cocoflOf^f-“iNj4’«-4 4*0^00 •f^oooooooooo 

«-• roro ro*-A 1 ^oooOoaoooo 

oo*##******* 


^^••••••••••••» «<MOO *«^00 •OOOOOOOQOO 

4 - 4 - o r- ^ ro ^ a «-4 00 «H 00 CM 4 * ro^ o a o 00 00 o o o o 

• 4 CM0««4CM4CM^ r^fMoOO^OO • • *4 • •!/) •l/)(^0000000000 

i/)r^ r- r^r^fvjfo.p-ir-ima' 4f^r^ omr^ •Choooooooooo 

•-* K)K> <Mr-« I moooooooooo 

^••••••••••••* •oof^oo •cMh* •Lfto •oooocsoaooo 

(h ro 00 (M CM fM in 4» o o 4 so I/) o> <h %o o o o a o a o o o o 

•rofMO*-4^-4CM^u>4*-4oomr^a • • *o • •ro •minoaoocDOtDCDoo 

4 >/)OM> M>^CMfo f-4in^ 4rom O'or^ *^>0000000000 

r-* roro I 0^0000000000 

•h^rOU) •«C4 •m<^ *0000000000 

mcO sOO^ 00^4 coco 00^0 ro 4 0'*-«004(M0^4 ^ro 00000000000 
•<-i«-«0 <-^0«~*0CM CM^aoro4 o • • *o * »ro •mrooooooooooo 
4inmimoini/)inin muicMro oo roco 4 <--4 >o oo *>00000000000 

^ roCM ^ I ooooooooooo 

m********** 


VX) 

iH 

I 

< 


!«)••••••••••••• *41^4 *0O^ *4fM *0000000000 

i- 4 r^r^%ot^r^Oa)f^€ 0 >o(h 4 >/>^«-*r^ moo 00 4 ocM«- 4 f^ 00000000 00 

•i^*Ho-« <-4f-irM«-iCMCMCMfl0t^cM«-^ * • •CM * *4 *in vnoooooooooo 
44444444444 fNjm 00 focMCM >omm •moooooooooo 

^ mCM I CMOOOOOOOOOO 


o************* *4400 *rM^ *sO(M *0000000000 

o*Hr^o omoo^oo oooooo 04 m loco *-4in 4oooooooooo 

• Ov04>/>v0f^OCM4C000O»^fVJ * * *4 * *^ *inf^ oooooooooo 

r^ o* h- co cor^fM 4 cOvO oo om o *40000000000 

^ CMm CM -4 I *-10000000000 


X X 



X r- 



0 x< 


•- 

UJO » z 


z 

OUiOUJXrH 


UJ 

xxxxxxxxxx OUJQCH^X 

X 

r-4 

* OO^'K 

u 

0 

ooooooooooo. * (/> *>q: 

* 

1-^ 

iiJ UIUJ UJ UJUiUlUi UJUJ X 0 . Ul i/)UJ UJ 

0 

&A.CC 


Z22Z2222Z2 
i-irH h-ti-H rn M 

xxrrrrxxzr 

I t I I I I I I I I 

33333E333:X3 

CM CM (M CM (M (M CM CM (M CM 

xxxxxxxxxx 

OOOOOOUCJOO 
_ _ I C I I I I I I 
000 00000 OOUiXm LUCDh- O 4/>Uil^tiJX^ 2CT>C ^ ^ ^ X 

h-LijrH QCO»-4UJ </) ^OUJOO 

xxxxxxxxxx r-aar-^ </></)•- 320 X xxxxxxxxxx 

OOOOOUOOOOH* VQ.J <oooououooooo 

ujr-a_i-r- xxo -j z 

X 4ain«-io^ jh-ixuji/)uj > x <uj 40in«^ vD — 1 

►-•mo04a> ***** *2xuj^uJr->- 3ocoommao4o> *•**•• 
*«-*4>4Do«-44A-^ujr*“Zr~^r— 4—ujx-j oco • * * • • 4 4 
1 00^^*^r-4CMCM rn a»-i20 CMCVI 

000 CL ouj< o: 0 X 0 

|Fa(ar9fargraca»HrHA-4Uj 3 OQcH-UM— acUXTBrarBrarar^raraora 

OOOCQJOJQ:J3<LiJin> 

>OOUOUUO-J^«JOUJ-JUIOOOUJ2rHUIOOUOOOOOOU 
• ►— r— r— r— r— ►— r-u_u.u_r-“Ou. >o>cl X ujo oc cl cc clq: o: tt ocoroco: 


< 




TEST DATA FOR RP-1 RUN # 14 JAN 30,1981 


o«**««***«**«* •r^o^o •sxxNi *100 «c>ooa^rsiooooo 

oorgro^o^— «uitnr^aa(MOo^oao 

• f^r*»co ^ ocgco vr>ir>c\i aooo • • • *h • • ^ (Njooorgif orgaoo 

o%o^^^•^*co^•%o nO'^'Ocm^o •t^*-^ao*-irgaooaa 

^ *-i ^oooaoooooo 

I ^•••••••••« 

o************* •co«-gui •«oiD •i/iCNi #^00^00^^000 
ocMooo o K)KHo %or-o ofNjo^o %4)omco*-ioac\iK»otnooa 

QrgoOLDLOrgooaoo-^ • • • *-< • • •^•-♦-'-’^oofo'^oo^ooo 

oo ^3 sO >0 eg fO lO # GO CD O (\t O C3 O CD CD 

^ crooooopoooo 

I (-H******#### 

o########*#*«« #r*oo •som #oo<-^ •h-oo-4U>oooorgoo 
o ^org^Hcgrg^ oo 4 >rsih*fo >of^o 00 *^ cOif o %o*-*in*^oooo^cg»oacgao 

• h^oooooofv*ooi/>Lnrgoocoo-o # • • • #•-• #^ sO«-«OOioookiooo 

CO sD r» 00 co f** 'O 'O -o #r^«-^0 0*^<NJ0Q ooo 

^ 3-0000000000 

I ^ 


o#######****** #r*(hO #Lnt/) #(MO #h-oaoo>i}rgooo 
OiAf^o^r^uDooro 3- eg fo o ootvj ^ 30 iniDini/>ooo^^Oi/^ooo 

• g>r^r-~0'0'^coLr>inrgcocoo3 • • • rg • • r-< •3-cvi«-iOo>0OO^rgooo 

r^>or*^r^r^r^r^vOvDog) rgfo #f*^rHOO*^**^00000 

^ 30000000000 

• *-<•••••••••• 

o############« #g>o^o #%or-- #fgro #r^ooocg3<^ooo 
030 'OsO^'X) 3 r**g)K>h-‘fo ^f»oco(M >03 (hf^3U><>rgoa3t-«sO rgooo 

• sOr^oooch'^ooiiDLnrgooooo3 • • • eg • #t-» •3f^rgoooocMO^»^ooo 

r-^Kun *-«oo«-^^o oooo 

^ i-i 30000000000 

I ^•••••••••* 

o############* #LrK>o^ #003 #r^ oo3cgcMsi>ooo 

0*-H(\<CM^M33r--r^3f^M g^COOCO*^^£)3C^ 3 lO >00 ODf^r^lDOOOOO 

• 00*^00 i/>LOfNjoo GO 3 • • • eg • • »-h #3 g>egooo30*^aoo 

tn r*» r*“ f**- >o 'O 'O <Ni ^o •f^*^Ooeg^*^oo^DO 

^ ^ 30000000000 

I ^•••••••••# 


o###*#*****<*«* #t^oeg #oro •ooocomooroooo 

Qf^Kipo 3 r^f^tne^3 r^coo ^egrg3Oc0fl0L0f^>r-<aoegeg3oooD 

• lT) 00 h- 00 r-#oo i/i iD eg CO CO o 3 • • • ♦ •*-* #3 oofOOOeg sooroooo [>- 

3 s/) r- h- r- gj vO gj sO eg ^ h*— »«-< r^r-f^uDK>o •<X)»-*OOegfO'~*oooo H 

r-T- ^ ^ 30000000000 


Q************* •Ln<x>g> #mNX> #c03 #egoo«-tf^inoooo 
Ofvj^eg 3 ^ooegr-ootnr~fo gDfl0O0)*-H0^3C> g> minor- oommm— <aoo 
• ir)Ooo<30g)OcommegGOooo3 • • • eg • • *-t •3rH,~«o03 30300 a 
fT) vogDg>cgK) •— • *-<r- h* k> to *-h •r-*—<aoegK >»— «oooo 

^ 1-1 30000000000 


< 


#ino«--i «loo #r-m voaomcMnoo 00 

ar - acogDvoroog ) oogDr '' eDg ) oacregsD 3 crao 3 Lor - Lnaor ^ c > e'-maaa 

• 3 000 e- 3 000 inuxMcoco O' 3 • • #fn • • ^ • 30 'oaaegr- ®roooo 
eg nO CO r* r- r- r- g) g 3 vO g> eg n «— fninro*— • •e-*HOoegegaoo oo 

iMvuw I r sw ^ ^ 30000000000 


•mori #nOk> •kico •cooorDfo*-ir-aQO 
omcgcog>roc>crr-c>r-r -3 f^cx)o<>cg 3 300 rDincgg)Oog)%org 3 000 
• 3 »-*crgDroor--tOLoegaoQ 003 • • • 3 • #rg #30000010101^1^000 
«-H m GO e— r-* r^ <0 m o gj g) rg k> rH »-< *~4 e- e— vO o o o o o o o a 

^ ^ 30000000000 

I r - t *****##### 

o########***** #Kir-rg #g>eg *^^-13 *0000000000 
Or-iromi-»fOcooor-ar-Q 03 r^o^aao*-<«-* 3 Q 03 mooooaaaa 00 o 
# 3 eg vC eg tn'Org coco o 3 • • #3 • # # 3 oooooooooooo 
sDoocx>r^r- vX>g> gj^Osoegm *Hf^r-ie^r-rog)forg #r-o 000000000 

^ ^ 30000000000 

I ^•••••••••« 


id r 
X H- 
O 

LlJO •■ 2! 
OUJOUJX 

^ ^ ^ : 3 d ^ ^ ^ QUJQ:r-X 

♦ OZXi'v 
00000 00 000 CL • v/> KT 

Ld UJ UJ bJ U UJ UJ UJ Ui LJ X O. Ld OUJ UJ 

ooooQQaooaLdxoujoD>-o 

h»Ld*^tt Or-iLd uO 

xxxxxxxxxx r-Q:CLr--JOor- 

0000000 000 r- ^Q.— I 

XXO 

2 3 am»~»g>»--*-J»-HXujmuj «t> 

>- gKiC 03 a ' • # # # # # 2 XLd ^ Ljr ->- 
2 : • • • •*-« 3 g > 0 »-< 3 H -« Ld »~ 2 r^— Ld 

•-g m o flO eg oc^zo 

000 Q- OLd^l 

UJ<"3 rara ra ^a Ld 3 0QCK- 

3 : OOOODOO-JCC— I 

hHOOOOOOO OOU-J-J-iOuJ -iLdOO 
tt.U.UuH— 0U->0> 


2ZZZZ2Z 

i~i rg *“i »-H 

xxxxxxx 

h- 111(111 

2 3::*3Dt333 

Ld 

I i-g eg eg eg eg eg eg eg 

o o xxxxxxx 

# rg OOUOOOO 

o U.Q: (11(111 

oOLdu.Ld:3d:3d>d2did>d X 

•Noujen 

3 ZOXXXXXXXX 
<*0 0000000 0 


222 


XXX 
I 1 I 


eg eg eg 

XXX 

000 

1 1 1 
X 

XXX 

000 


x<Ld 3 amrHg )«^ 

3 ocQOi/>focx>3 cr •••### 
ttlQ • # # # *-H 3 O C^ •--* 3 
u ^>-< i _|.- tm > Ooo - gr - irH«-«egeg 

CL 0 x 0 

ljdr ~ crOZ ' 3 ' 3 r 3 ( 3 ' 3 r 3 « 3 f 3 ' 3 fB 

3 <t IdoO >“ 

O Ld Z ng uJ O 00 O O O O O O O 

CL X Ld OQc or crec Cd a Qc q: tx ct q: 



TEST DATA FOR RP-1 RUN A 15 FEB 11,1961 




< 


•Osomr^ij- ^ ^ .-^lA»oc^r-l•-»ro • • «oo • • o •a/)o^<^oo 

CMfO fM«-i I KlfOfSJCsnSiKIlVJfNKNJCMr^ 


!/>••••••••••••• •mcMoo •u>^^MinMa^r4roro 

ro-^rsiOf^ :j'^4nr^*-iCM^oo«-»fM^OKi^ >or^K»:a-^cooo 

•oio^ inK)u>:rD^ ^ • • •oj • • o •iOKim^r^ 

r^r^f^h-oar-f^>or^r^cNj,^i-i^a^^ •ro<M^« csjcoKio^rsioj 

<vjK> cvi ^ I :r xOi/i^r i/>sOinm^ mm 

^ 

•^CVJ#H *rO>fi •U>0^ *0000000000 

oofMOh^o oofNjco^^r-* :t ^00 sOO' m*-«ooooa oo ooo oo 
•cNi«-*OGO*-*r- 4 <hPo^Ki • • ♦iffooaoocp ooo oo 

iDLOi/>ir>Lntntn^Lr>irjfNjr^ -^o xo :t^ pocx> :t oo *0000 ooooo oo 

r^oooQoooooo 

K> 

zzzzzzzz^rz 

•H M M I--IKH 

zrr zzxzxzz 

I I I t I I I I i I 
33333333 JK3 

OUJOUJXl-l u 

OLD CD IDOCDOCD 
UJUJUJ UJUJUJliJUJ 
OOOOOOOO 

xxxxxxxx 

OOOOOOOO 


z ifOin#-< 

H^KICO^Ch • • • • 

X • • * 

*-^fO <kO •"H 

[AjfBOSr9^<13r3fBf9 

X 

>-ioou ooooo 


CM CM 

1 

6 K 
K 
K 

ATM 


OLD - Z 

z 

OUJCDUJXl-l 

LJ 

XX OUJOtl-X 

X »-• 

• 03<>^ 

O O 

CDCDQ. • uO •‘Qt 

• 

UJUJXQ.bJl/)UJLJ 

Of o 

o o ui X (/) ujcm* O 

COLJU. 

H-LkJl-tQt3PH lij to 

'vOUJ 

XX t-QtQ.H--4A/>l/»- 

3ZO 

OOl- ^a-j 

40 

xxo 

o 

M>r-iOMXliJt/)UJ O 

X4UJ 


fM CM fM CM CM fSI (M (M CM 

xxxxxxxxxx 

OOOOOOOO oo 
till I I I I I I I 


^ OCT)«-* vO^ 

• •ZXU-JUlH->- ooDcDorooo^Ch •••«•• 

HLJH- Zl- ^ ►-►-UJX -J CC O • • • 

CM CM M Qt MZ CD >-< 0««i PO%£) 00 (MfM 

OOO o. ouj<o: CDXO 

CBca»-H h-H-<UJ 3 OCCH>UJI-QcOZ<BcafB <7Jr8fBC»^fBca 

o o 3 m o o o at o 3 < ui (/) >* 

00 000 3UJ0 0300 UZ(-« UlOOO ooooo oo 
»-^U.Li.Oh»Ob. >0>CL XbJOQtOtOtOt Qt Qt Qt Ot Qt Ot Qt 



TEST DATA FOR RP-1 RUN M 16 FEB 11,1981 


fw************* *>00^ •MOO «^M *(h(>sOOCh<^<M/)r>^0 
OOCsi ^CMTl00%O ^(NJCOiOaO C7^4/>in-^MOin»-«MsO*-»(MOOO^O ^ M CO O 

• ^M(njm<s4m^ ^ roM^o^tvi • • *a • •<x> •inoooMir>f^cooo«-*iD>o»-^ 

LocococoGOooQOoooooooofM’^ r-»r-#os >o^cMr*-^rsjt/i •inoooooo**^<^o*^ 

C 4 M I ^oooooooooo 


#rsiOU 1 «M >0 •^iJ* 

oo sO(M<M^fN4 4r COMODOOUllTi ^ M *-*4n<M ;T M CM 00 Csl 00 l/> O 

• ^ ^ MO^MO ^CMfSJ • • •CM • • 00 • in U> ^ CO 00 CO O M ITI CM 

LOGO 000000 0000 ODOOf^OOCMcr *-• *— sO CT CM CM m • 00 »-^o O O 0D»H«^0«^ 

CMM CM<^ I r«lOOOOOOOOOC3 


(□••••••••••••• •CMOO •Mtr> •«>-«^OM ^M «*-!(/> «-4 00 

QnO ^somcmco oooomvO^’^O'O^ mmcmu>mmo»*-*mcmocm«-»cmvO»-*^qo cm 
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TEST DATA FOR RP-1 RUN « 18 FEB 12,1981 
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RUN# 19 JAN 20*1981 
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X H-l CM CM CM CM CM CM CM CM CM CM 

o u xxxxxxxxxx 

• »-4 uuuuuuuuuu 

a U.O: I I I I I I I I » I 
cPUJUl UIXX X XX XX XXX 
^UUJCD 

3ZOXXXXXXXX XXX 
**OOUUUC->OOOOUO 


> X<UI 30lP«-HsO^ 

3OOCDt0r0003<h •***•* 
UJ X -J Qt O * * • *rH3^0Vf-43 
CD U. >“ — J ♦"H rO \0 00 ^ CM CM 

CC CDX O 
h- ujh-o:tJZcaraf3r3<3rBfaracarB 
«J3*«UJC0>- 

OOUJZI^ UJOCJCJCJUCJO CJCDCD 

>CL X UJ o Ck: q: (X q: ct a: o: q: ct q: 



TEST DATA FOR RP -1 RUN# 20 JAN 20,1981 


o • • • ••••••••• •oo^rsi «o 0000 o <- 4 in 

♦ ^oc> • <>r^ooooo®o^^^ » • • ♦CO 

oqoook » Qococofsjir ^•^-^f^o^oooo •r-oooOoaoaOo 

^ ^ K>Ki rsi- 4 1 ooooooooooa 


0*«* ••••••«•• •v-^OO^ •0O^*> O G0«-i«-4O ^ 

O'OOf^ I l/>^-foc^ro«-•r^<^^lf>K>^<^ro^•-»c^Jr^' 0 •-^ 04 n^oooo^^^Mcgoof^J 
• d^QQO I GO v 0 ^^ooooooa'-♦^^ • ♦ • *0 • ln^«i rg .^fo o ^ ^ in ^ 

o oocor^ I o ^00 00 *00000000000 

r-i rofO I —*0000000000 


0 *«* ••••••••• «g)ao^ *g>^ •.^'00 •rsjinmo^cvioo^or^ 

Oco^GO I lOqo^o <.^> 0‘C\l^-^o^ommororo— *fO^OL^— *Csj(\i(N*gDOr^^aoh~ k»o 
• rocM*^ I f*- mg>r-r* o^Goo«-<f^ • • • • o •mm<\i — * 4 \j o MMro ^ ^ ^ 

QOflor-r* I *:T o^ GOGOinm *000000000000 

—I roro CM— » I —tO 00 00000 00 


O • • • 

0 > 0 rgro I 
• rooh* I 
Qor> r- t 


• •••••••* *h*Kif^ *ioo *^00 • — 4 «-^fg o *i) 00 o o 

^^coco— *g>— <inrsjg>— rgio OvO^ co»oopo 
vomtosor^oocoa— • • • o • • — • • in eg — «c\i O k> fo ki ^ 

u>o *00000000000 

-4 MN> fSirH I fNiOOOOOOaOOO 


o*** *•*••**•• •fninfvi *acvi *r^oo *f\*Q^(MO^'Ors 4 —tNOf^ 

or^(M— • I ro sO m vX) «noor^^Of^GOfvjo^ro— o o go rg o — 

*foo'r- 1 g)mmg>g>o^coo— *^n * • *cvi * *k> *m— icsi— «c\io^fn^ in^m 
vooof^r^ I f^h-r*-*r^r^h-(M^- 4 — •^f^omaocoinro *00000000000 

«-4 mm CM—* I moooooooooo 

r.»«»«****** 

o*»* •••*••**• *ooog) *^— • *0—1 *^ OMO mm rgr^ GOO 

o— im^j* I o o nO rgoo mf^f^^OKio— *ooco:^ (\iom oo^^ o 00 00 rvj 00 
• moD >0 i m^^mmoooo— *fn * • • m * *rg • mro r\j ocsj omki ^ rosO 
moof^r- I *— i^f^omcDcomK) *rooooooaoooo 

— « Mfo eg—* I ^oooooooooao 


o * * * 

o m— 4 — • I 
*rvioosO I 
Gor-r- 1 


• ••••««•* rnm^r 

sOfo^ao*^oomf^f^<MO 
m^^ mmoooo*^^n * * 


GO *00 * 0—4 •of^f^ooom— *m^ 
— — »r*K»f^eg— •— •fsim ofsirgm— »^x>oo 
*cr • *ca *mocNiO<MO^ -a*mmr- 
om<x) com^n #00000000000 
mm (Ni— • I rMOOOOOOOoao 


•••••••*• •somro *^fo *ocdqo om^roo oo-h 

Q ^<Nj I sommoocooo^ooco—40rgo— *o<Njf^rsjOfNj^if omo— *:y mg) 
*^€0\0 • m^^ ^ro’coooo— 4K> • • • ^ •mo— 40»n o mg)g) m if o 

mcoe- r- I r^r-r-h-f^r^eg^f— *— «^r^omooomro *moOOOOOOOOO 

r -4 roro CM-i I moooooooooo 


CO 

CM 


< 


fSJ • • • 

o^m^ I 
• — lOO ^ I 
rgcoe-e* i 


• ••#••••* *m 

O' K>OsJ vOOOf^OOf^OOOO 

mcr^ ^ :r r-ooo— • 
r- <\i ^ — I ro 


me- »e- m *oco •commooo— »ifh-r^o 
o rgei — • fo GO m (M ro 00 o g) o — • m ro 
* *o * *m • m o D — 4 m o e^ co cx> co o 
e-omcoomM *e^o oo ooaoo a— « 
foro rg— I I ^oooooooooo 


o * * * 

omcoo I 
• rooom I 
—4 00 e- e- t 


• •••••••• •^Kkm *ego *K>m •ir oorg oomo— *rgo 

if eg— I :f— 44 fooe-oo >£)0 m ^ e- m ^ o o<m o eg m eg a og r- 

:T rof^K>^mooo— * • •— 4 * *m * mtoK> moo o o o OQ 00 m 
fs. ^ ^ f>«. (M ^ — « — I K> h- om CO o m fn *o«-^oo 0000— * 00 
-4 fOK> eg— » » iTOOoaoooooo 


o • ♦ • 

oego m 

*— 4 f^ ^ 

ooe- e- 


• *••••••• *K)oor- *e-o •mm *0000000000 

i or«^p^Q\oofoaoooQOcecoomoif 0 — 4^0000 aocDoaoo 
I eo — I— 4 - 4 eg-^cooeg^ * • • if * • m *megooo ooooooo 
I r^r^f>.eg 4 — lege^omoo omif • :r 0000000000 

—4 (\im eg—* 1 if oooooooooo 

r^*#*#****** 




^ X 

f- 

o >c^ 

UJO *• z 

O UJCDljJZ»-H 

:i: ^ iC X :ac iC ii: iC ac oujoce-x 
• QO<l^ 
00 CD 00 00 00 tDQ. * m •‘CC 

UJbJbJUJLJ LkJUJ UJUJLiJX d. UjmUJliJ 
QOOQOQOQQQUiXmuJODe- 

»-uj»-*q: Oi-i 
xxxxxxxxxx »-a:CLe--J 

OUOUOOUOOOh- 

UJH- 

2 if om — »m— *-jeH X Ljmuj 

i-HKloOifO • • • * • *ZXLiJOUJ 4 — 
2 : • • • • — 4 ^ sO ^ — 4 if *~* IjJ e- 2! e-” ^ 

— *fo m 00 — * — I— • — *egeg oc 

ooo d 

UJ< 3 <^ " 3 r 3 ra tar 3 *-*»^»-*UJ :36 

a: ooomoo 

*-iuu u u u ou u u uo O -J OUJ -J 
f*. >— > H- H* e— e— h— K~ H“ Ll. Ll. O d 


o 

LJ l/) 

\d-j 

xxo 


xxxxxxxxxx 

I- I I I I I I I I I « 
Z 33 Dt 33 t 33333 
UJ w 

X 4-* eg egeg eg eg eg eg eg eg eg 

o o xxxxxxxxxx 

* 4-4 OCJOOOUOOOO 

O ddlllllltitl 
mujdiij:^ 

VOUJCD 

3 ZOXXXX XXXXX XX 
<000000000000 
o z 


o x<uj ifom— *m — 4 

>- 3OGQCDi/»e^c0^ ce •**••• 
1 1 1 X j Qc o • • * *— *ifmce— *if 
*-4ZCD d>- <t o —4fnm 00 —*—*—•—• egeg 
OUJ<I CC 0X0 

OdH* UJI— d OZ<3!3C3r3r3r3r3r3^^ 

_jd — I3<ujm >- 

(jJ O 00 UJZ 4H UJ 000 00000 00 

:>o>d xujQQiQ: dd d d ddd dd 



TEST DATA FOR RP-1 RUN# 21 JAN 20tl981 


o************* •ooKi •or>t 

OfOkn»-i Oif sOco^ oooi^ooNorg^^ KUMorgorsi^-H^j^r^ f-.Oir h-oo«^oa 

• ioro(MiMfs4fvfgcotdOcof^ • • •a* • •^jo ♦m*^^^fo*-»aOQOoo 

^<>NO:J*aOLnvOOOfO •^9*0000000000 
^ CMCM -H I KlOOOOOOOOOO 

cf******##** 

o**« •••••••••• •aioo •o:r •in:r ••-•a<^f^J^•ooaoa 

0 ^ 1 ^^ h-cvi^f^fo O''<>ro ^ Ki^if)(sirsj'0--i^aoor^(M4f>oo ooo 

• ^rotMCMrsirsifMoo vOoo^o • • *a • •'O •miri/>^fsi»-ioooaoo 

Or-\OviDsO^O>X)U)vDNOvO<MK» ^OiO \£> OOfNi • >1)000000000 o 

04 rs| ^ I K^OQOOOOOOOO 


!/)••••••••••••• v^-tOCNJ •a^>0 «O^K> •0D«0>0>0fMOOOOO 

O O" GO f>4 4t Kir* «VJ m O Ki ^ ^ K> CO eg <M ^ 00 in <M^ o o o o o 

•poco>D 5rr>4(\jcsifsjr>jrgoo >oooro • • *o • • ^ •in^incr<MOoooooo 
aor^ vD^O sOvO ^ vOvCf\»ro r^O >0 ^(Mn>0 GO ^o •f^OOOOOOOOOO 

IMfSi ^ I rooooooooooo 

o*** •••••••••• *^^>0 •<^o •cr^f •^4^-o^<^oooaa 

o info 00 ^oo<M>o*-9a^ofoa^vOfo^ if fo^r m i\j^ in •-< CM it GOfM >000000 0 
•rooom itcsjcNirgcviCNjcsjco sDcoro • • • • >n •m— CNJOaOooo a 

«^v 0 4>«^%0 >OvO CM ro o ctoin ocofo *000000000000 

CNJCN4 ^ » moooooooooo 

^•••••••••* 

o««» •••••••••• moQU^r •coch •oj^ •f^cM-9*-*oaooao 

Or-4oom oo>n*-iino ooo'fn a^>o focoincM ^ >Ofvjoaooao 

•Kif^in K>fNjfsKs<fN4f\ic>j<Jo^co^o • • ♦«-• • • >o •m>£»An ^ <^o ooo oo o 
sor- >nvO vO>o >o>o>c o>nr\i m ^o>^>:tOLn^40coK> •r^OOQpOdoooo 

rsicsi ^ I KlOOOOOOOOOO 

it********** 

o************* *o*-^>n *1^^ *o^ *GOinooooaooo 
omrsioo >Oitoin<>f*^OKioo^^it Kiomcsiroit cm f\io> 0000000 

• rvif^d* K)CM«-*(M^(MK100 '^dKI • * •(%! * • sO *m OtO if OO OO O OO O 
inr^AX)>o>n>o>o>nvnso>n<MK> »^ch>OitcMn>DooM *ooo Qoooooooo 

CMCSJ ^ • KlOOOOOOOOOO 

it********** 

o************* *oo^ *oom *inoooooooooo 

o«^co>o ^ :ta>oococ^4Klc^>o^:t 4tKUMOKir^cM*-i ^ it Orf 0000000 

•CNj>o<^ tofsirsMMCMCMKico sOGoro • • *CM * * sO *imnin^0Q000000 

itr^OvD>o*n>x)>o>o>nNorsjK> »-*a> >n ^ cma > o ook) *a>oooooooooo 

CMCM ^ I rnoOOOOOOOOO 

^********** 

o*** ••*•*•*•*• *r^ain *aoK> *niin **^000000000 

o sOKi^ ^^•^r^.-tO'rofoot*^ inKi ^Kj^iOit «-iO*-At^m^aaoooooo 

• KirsifsjfNjcM cNiKicor-ooKi • * *it • *»^ *m>o4nKiaooaaaoo 
>0>0U)>0>0v0>£CMKI f-tO^ >O^<Mri'OG0KI *<^0000000000 

rstcNi ^ I ^oooooooooo 

^««*«»»***» 

o«** •*••*••••* *>oo^ *OrH *>oin *o^r^ooooooain 
ocNio^ Loin<NjocNjrsjitK» or- mm ^ Ki>oinin<n»n<-»^Ki^oaooaaoo^ 
•— *mct KicMfsjrsjfNiKiKioor-ooKi * • *m • *f^ *in^inK>ooooopoo 

rgr^sO^n sO>o>o>o>n >o>ocMKi \0 ^com *<-40000000000 

csjcNj -9 I itooaaooooao 

^••••••••*« 

o*«* •*••**•*•* *>noKi *GOh» *om *cNjK>oaooo>no>n 
o>n >X)K> itcNi :t ^ vOki <-*r^ >oki ^ Ki^inmcMn^it 4t inooooocMO*-* 
*oio^ KiracMKMMKiKioo^ooKi • • *h. • * 4 no> ^ cMoaooa— <Ofo 

<n<n>n>x>vo >nvnc\jKi •-^OsO^oin^nooKi *csiooaooooooo 

CNJCM rH I itaoaaaooooo 


o************* *<Niit<^ *>000 *Oit *0000000000 
OCM^^ >oinKi vOfOKiO'O >nin ^ mo mm 00 <-4 it 0000000000 

•om^ KiiNjrgKifMfofOflo >ogoki ♦ • *co • *co *mmoooooooQoo 
h-mvn >D>o CM Ki <HOvn^om>ocx):r *c\joooooooooo 
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UJ 
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• 0 04t 

0 
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• 

H 4 

LkibJUJ UJUJUJliJUJ UiUJX CX^LUmuJUJ 

a 

U.X 


o 00 o o oo o oo u z: m uicD 

K-. bjH^cro 

xxr zrxxrzixz: h-occlk* 

OOOOUUUOUUI- 

»“4a: ujco 
XLdUliJ 
UJI-2K- 


H-4PO GO it 

X • * • 

r-4fnO 


it om<"» 

O' • * • * 

*•-4 it 'DO' 
OO ^4f*4 »-4 


X 

> 00000 

•l—l- I- 


«D<^ «-J 

* *2; 

<-1^1-4 

CNJCM 

O 

O 

00 -J 

u. 


00 Cl 

OOCDO 
-JOOUJ 
li-ij. f-O 


UJ 


o 

UJ m 
mmH- 

xxo 
<x > 

>- Dt 

H-f-ujas: 

HH2 0 

ouj<q: 

OQCI-UJ 

UJOOO 
>0 3* CL 


ZIZ^TZZZZZZZ 

►4 >H h4 M 1-4 H4 l-l 1-4 h-M-4 

xxxxxxxxxx 

I I I I I I I i I I 

3333333333 

CM CM CM CM CM CM CM CM CM CM 
XXXXXXXXXX 

0000000000 
I I I 1 I I I I I I 

muju.ujxxxxxxx xxx 

N.OUJOQ 

3ZOXXXXXXXXXXX 
410 00000000000 

^ Z 

x<Uij it am <-4 so <-4 

OflOCDi/IKioO^O *••*•• 
«J Oc O • * * • it >D O' <-4 ^ 
ti, >- *t 0<“4 Kl vOGO »“• <-4 *-4 »-4 (M CM 

0X0 

i~ xo z c 3 <<5 ca ra (B C 3 ca cB ra 
< ujm >- 

UJZ^UJOOOOOOOOOO 
X UJO a cc CK cc Qc q: q: a Q: q: o: 



TEST DATA FOR RP-1 RUN » 22 FEB 13,1981 


•••••♦••• #C 0 ^<X) •^^0 *0 cf fOQMinKI HjOCOin 

•Qoof*^ I •miOOooooQOooo 

0^(Ain I imAt/umnincMK) rHOso^sO^rsi^or^ *00000000000 

^ fViCN ^ » QOOOOOOOOOOO 

o*«* ••••••••• *000*) vino «ino •f\jooKiOK)< 4 *^ mom 

oof^^r 1 oo'Mcomm^a'iOKir^mcocsifvj<>cv 4 ^ooooQf^r^ o 

• ^GOf^ I sommm^ ^00 ^oosj • • *m • • o •morg^ooooo 000 
o^omm t mmmmmmrvjm »-ia^o^o^<Mor^ • r-^ooooooo ooo 

ogrg ^ 1 gooooooooooo 

ro********** 

o*«* ••••••••• «r-o «roK»iF-iorsjf-^*H t-^Qf-i 

ocsirsjr -4 I coKiofsir^r-Mr^if mo^oK>o^-o<^^o{^^o<^^-^M 04 J■^J^o fvi^fo 

•oooh* I mmmm^^oo ^orsi • • • ^ • • o •mrviooooooo 000 
000mm • mmmmmm<\iPO ^>0 ^o rvioco *00000000000 

racNj ^ I GOOOOOOOOOOO 

m*** ••••••••• *m^oo *r^^ *m^ *somooooooorM 

*-»o ooo I %ofMooomxX>K>r-ij' mrsi;j'mmh*%Dc>K»rsj ^^foooooo 00^ 
•o G043 » mm^m^^GO;r^r\i • • • • >0 *m^ooooooo 000 

r^mmm I mmmmmmcNjK) w^a^so ^ ^ *;rooooooo 000 

csjcsi ^ I ooooooooooao 

ro****»** ••• 

o**« ••••••••• *e^o^ *r^ o •^oo •r^ooooo^flo ^roco 

o^^o I r-roo ,-*s^sDPor^ jj- %oa^ soco (\ic> sOoafNi*-^<Ni '^orsi 

• o 00 vO I mm^rm^^oo^vOCNj • • *k> • • •mr^ooooooo ooo 
sONomm I mmmmmmrvjfo <-h ch o ^ m .O' ca vO 00 *00000000000 

fNi<\l —• I GOOOOOOOOOOO 

^••••••« ••• 

!/>••• •«••••••• *00^00 *aof\i *ro^ *m(MOOOO^o ^oo^o 

I r*-roo*-Hm*^fOh-^moiy^<Mr^mofMrsj o*-«oodo m 

• a cO'O I mm^m^^j’oo^'OCsj * • •:r • *t^ *mro<-taooooa ooo 

mo>mm 1 mmmmmmcMro >0^ • «-«o 000000 000 

rsirvj <-4 I GOOOOOOOOOOO 

K>********** 

o*** ********* *oof^ *<x><^ *oc\j *mmoorNjcsjcvj rM«- 4 rvi 

0 «-ifsjo I r*.roo(Mf^f^K>^^-^r*-o^K>r*-h* %ca'KKS»GO'Oc\joa ^ iTvO ■a’fsim 

• a com I mmmm cr GO ^mr 4 * • •fo * • m •md'— <*-*00000 ooo 
d" m mm 1 mmmmmmcsiro •-tomd’md'fsjmco *00000000000 

rsifSi f -4 I GOOOOOOOOOOO 

ro********** 

Qc*« •«••••••* *ooM *oorsi * 0 (M moo ^o^oK) mm **4 

orvifMO' I GO da<v»r*r^Mf^df^0^f^<M^'i>oro(vjood moo 00 0000 mm ^ 
•o com I mmm m d" d“ GO d m rsj * • *ro • *f^ *mm(M«-«oooaooo*--t 
rommm 1 mmmmmmc\im r-ta^mdmdfNimco *00000000000 

fsjcg ^ I coo OOO ooo ooo 

ro*«***«* *•• 

••••••••• •d^-^o * 00 *-* *(Mfvj •(> K) 00 ^*■ f*^m d 

I f^KiQfsjr^f^por-j-coadK>cor^mo^f\iooooc 50 »^^-*-<»^r^m 

• Q 00 m I mmmm d d 00 d mrsj • • *ro * • m •md^o«-«ooao*-H oo«-h 
C vimmm 1 mmmmmmcsipo rHomdmdCamco *^0000000000 

(\j(M I €00000000 ooo 

K»*«**«** ••• 

in*** ••••*•*•• *oocsi *GOGO *rNj<M *f^ ooocamr^ mmr^ 

I r^roocsjr-f^for-d cood pofsih- mr^*-#fsj dO c^aa^- d*-« d d *-• 
* o CO m I mmmm d d 00 d m rvj * * *fo • * m *m dm rvj ooo «-<fM 
»-immm 1 mmmm mm<Nj ro •— »oomdmd(Mm€X) *00000000000 

rsjrvj »-< I ooooooooaooa 

m******* ••• 


o*** •*•**•*** *m«- 4 r^ *ood *mcM *0000000000 

Of^ coo I mf\ico*“< mm^nr^d ood ^fNii^mmdcaroooooooo ooo 

* o r- m I mmdm ddoo d mc 4 * • *(\j * • m *m«-iOOOoooo ooo 
mmm 1 mmmmmmrvipo *-iom dmdojmoo *00000000000 

(M(M ^ • GOOOOOOOOOOO 

PO**«**** •*• 


d: X 



d; H- 



O <l 



LiJO - 2 


2 

QUJOLUXI-* 


UJ 

d: ^ ^ d: ^ d: oujai-x 

X 

►—4 

* oo*x V 

u 

u 

OOOOOOOOOOO. * </) KK 

• 



UJUJUJ UIUJUJLiJLJUJIjJX CLUjmUJUJ or u. 

QOO QQOOOOOUJXi/)UJcDf“0 oOuJU. 

»-uj*-Ha: 3 t-<Lij m n^ou 

X tx: 112:2:2: :c xa: azo 

OOOOOOOOCJOI— ■^CL-J <1CJ 

uj»— X 2 :o -j 

2 dOm*-< ujt/Uij o x«uj 

►HfOGOdO ***** * 2 XUJ-IUJH-> JfOQOCD 

X • • * *f-^ d m o «^d *—< ujH - 2 H- ^ uJ d: — J o: 

*-«m m CO *-<*—♦«-<•—• r>j<N ^ qc<— <20 

ooo a. ouj<q: ox 

Ujr3<'3rg uJ 3 OO: bJH- (X O 

X oooo-jo-jq: -J 3 *i ujm 

f-40 0U OUOUOUU^-J-I OUJ-JUJOOOUJZ»-< 
I— K— U- U_ ►— Q Li. >CJ>Q- X UJ O 


ZZZZZZZ ZZ 2 

f-H HHhH »-H 

i: 2 :xxrrxxxr 
I t I I I I I III 
333333 333 3 


rg r\j(Mf\i(Mf\jf\j ogfsi rg 
XXXXXXX XXX 
OOOUUOCJ OCJO 

{T I I I I 1 I I I 1 I 

d: ^ ^ 

o 

XXXXXXXX XXX 
OCJUOOOOO uuo 


d om •— im «— < 
i/)^ooodC> * * * * * * 
o * * * *•— «dmo'«-»d 
_j,— immoo *— •— <f\i rg 

o 

2 ^ rara ra ra 3^3 f 3 
>- 

UJOOUOOOO oou 
OcQCC^CJCCLQCQcCXOCOCCt 


TEST DATA FOR RP-1 RUN #23 FEB 18,1981 


VO 

CM 


••••••• •oorgoo »ok> 

I ^jaoao^fMO'r-mooNO ^vO^roor^fM 4T ^ OOoor-co 

•oio^of- I • • *€0 • •t* »»oo^mo 

I ^in^inraro -^OK>rsi»o^oo • -fr # « # OfO(>«-^o 

I o^« « « « o<^^Olh^ 

oo***«* mcjsa •<M-< •fo« « « « o«rocom 

r-(Njr\i(MOuo I fMco ^ ^(^i^Or-<^oc^^or^Joool/^sO^^-4^o^- -» •» 

• sOO)^rMO i u>o>of^a^ ^u>fo • • • #ro c>ki« « « «^o«oooco 

i min^t^cNj^o <-txorvjrvi(M4--ia^ •a>ao« « <n> o<if iO^sO 

• « » « « •« • • • 


fn • m • m m ••••••• •C 0 M<> •r-<> 

I ;T>orsj ^ -Hco>£)<iocMno^ oor^ o* « r- * 
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5^ r- 

o x< 

LdO •> Z 
OUJOldXrg 
OtdCt^X 
• 03<'^ 

OOOOOOOOOOCL • m •‘OC 
id Id td Id Id Idid id Id Ul X CL Ld m Id Ld 

oooooooQOOtdxmujcor-o 

►"ld»-l(l:3rgld cO 
XXXXXXXXXX h-OC(Lr-di/>mH* 
OOUUOOOUUO^ VCLd 

ldH-CL»->- xxo 
z oomi-io»-*drgx idmui o 

rgMOOOO' • • • • • •ZXlddldr-> 330000 
X • • • •—*0x00' *«»orgidr- Zr-<r-r-idx -J ttO 
^MOoo— i^^^rgrg rg o^rgzo tu>-<d 

ooo a oid<a oxo 

ldfT5<15*^0<ara/3<3^rBrgrgrgtd ^OQCh-uJr-QCOZ 
X 333CQ30-J0:^3<idm>- 

rguuuuuooouuddd 3LddLd3 00ugZrgid 
r* ►— r** r** r~ r* r*r“ r- r~ •— tr li,. r»^i ii. > eg cl X id oc 


z 

id 

X rg 
o o 

• i-g 
O LuO: 
midu^id 
'vOidCD 
3ZOX 
<03 
-I Z 
X<id 


TEST DATA FOR C3H8 RUN # 42 MAR 12,1981 


•r^ocsi •Min *m 

o<Nio»-i;r ^lnc^vn^sOoo^^O'cr{^J%omc^Mcx>c^^^ i i 
• OOf**‘GOCO O«-4«^C0K) • • •!/> • • • I I 

OMMMMMMM^^ ^fSiM ^00^0 vOM 00 ^(Nl I I 
^ rH MfVJ fSJ 


a.» ••• ••••••••« •sOM4-<I *M ^ 

OM«^csir^ (M>x>rMGOM€oaoGOoui(M'^^*HM<^ i i 

• 00 GO GO 00 QO«-H ^ COM inM • • *00 • ♦ • I I 

OMMMMMM^ ^ ^^r<MM <-40 >0 ^M cO ^ ^ I | 

r-4 Mf\J fSJ 


•mr^M •voo •■a* 

oo GOO** M CO ^00 4“ ^O'oo (MNjMr^ *-4LnNn i i 

• G0^^^*- (X) o<H — <cx> M ^ M • • •r^ • #Q •• I 

OM MM MM MM if ^ ^(M M <-4 ^ ^ CO «H r\4 in M m I I 
<^ ♦HfNJ I 


o*»«»*»**»4*«* *;rin<-4 *co 

Of\ic><-4in o^n— •vOQor-omrg sOf^mMcoOrH i i 

• oof^ooco co<^(^o<-4•-4coM^M • • • *r^ • I I 

COMMMMMMM^^J- cfOsIM *-#0 O n vO M CX) M I I 

MfSj f\l 


o************* *aoin •sCo •co 
o<"tooa^Mco<^oo4r<-^OGor^a^cM^GOc\ir^or^r^o i i 
•oo^-^^ oooo<^c^ o*-i»-»co M M • • ♦r^ • «o «i i 

OMMMM MMM ^ :^r\J M CT GO «-i (\i M M in I • 

— tf\J I 


410^00 •cao 

OM^cMh- rNjr^(\AaoMO^cocoOin<-4inrsjo^MO{\i<^ I i 

• CO 00 coco o ^ o <^ooMinM • • »h- • «h- *11 

r^MMMMMM^^ ^ ^fNJM — tO O'O %OM 00 ^ I | 

-4 Mfsj rg 


•<-4 

o<-4r«- ^ MOO Moo M^ CO 00 o 00 csjo ^ h- r- o i i 

• ao^^^^<X)co<^c^ 0»-4<-4 oom>^m • • •r- • «o • i l 
OOMMMMMMM ^ cr {NJM — 4Cf ^ 00 ^Csim M ^ I | 

-4fNJ » 


o************* • <-4 r-* «-4 • oin •\o 

o^fMMoor\*<o<-ir^<-i^oor^ONOrsjin^r^;r r^crf^ i • 

• COOO^OOCvlOOM ^M • • • •sO • I • 

nOMMMMMMMM^ ^fNJM -4 0 > N^inM CO ^ M I I 

-H MfNj rg 


00 

o 


o************* *M M yO •\00' «r- 

aor^ co(\ 4 f^Mr^ ogar^ooi^ ocsj^r co MMsOf^r^ ^ i i 
•oof*^r-oo<r>c>a^a-4«-4coMcr M • • •r- • *0 • 1 1 
r^MMMMMMM ^ ^ ^rS4M -4 ^ ^ 00 -4(\J tO M in I I 

-4(M I 


C0***« ••••••••• aMOOM *-4-4 •fM 

^fMM CO CsJf^<-4f^ cvjh- 00^00 O^r coffin I i 

• aoooo^O'0-4GOM ^M • • *00 • •>X) • • i 

^MMMMMMMM:T4rrgM -40 O OmM 00 ^ -4 I I 

-4 Mrg fsi 


Csl 


Q: 

c 


*>norNj *0110 «-4 

0-4 r-a'McoMooM«-4Ch(X)f^OMMf^ f\j-4>^f^ 00 I i 

•oor-r^oooooch o-4-400McrM • • • *0 • i 1 

sOM MMMM MM ^ ^ ^ eg M -4 ^ CT CO <-4 f\j in M I I 

-4(M I 


^-••••••••••••« •rsiChOO ^:T :t •Csi 

a^x)M^ooM^-(\|aorg-4Gor^c^^-(Mlncr^£)^c^:rJ■ i i 

• r^^-^-^-oooo<^c^o<MooM ^M • • • *r^ • i * 

^ MMMM MMMM ^ ^<MM -4 0 »nM CO ^ -4 I | 

-4 Mog rg 


0*««**«****4«« •COf^Q #crO »M 
oooM^ <^MGOMGOM^gao^-<^oo^gin^c^JEr (^^gvc I i 
• ooco<^oocgGOM ^M • • •co • •r*- • i i 

MMMMMMMMM^r ^CVM -40 O O U>M <D ^ -4 | | 

-4 Mcg (>g 


rg«*«a ••••••••• #ac>gD •ztr^ *o^ 

0-4^ »nO :rOMO^ ^ OoOh- aOQOMin^h^a" O' vO^ • I 
• oor-e-r^ coooO'0'D<-400M ^M • • «o • • i i 

rgMMM MMMMM ^ ^fSIM -4aOvOgDMOQ^O I I 

-4 M eg -4 


M 


z 

z> 

cr 

GO 

X 

M 

o 

q: 

o 


o ••••••• •••••• •<nco^^ *>0—4 *—4 

OfNJsnf^ -4vOogvO-4cog3cx)r^OMMr^-40sor^M :r i i 
♦ 00^^^-G0 00c^c^ OO-HCOM^M • • 410 • «0 • I • 
tOM MMMMMM ^ -S'CgM «-4 ^ ;J- 00 -4 <\| M M lO I I 

-4(M I 


• :T :T O • ^ (M *00 

oo -4vorgs£> -4cor^ooh“ o^M^exj^rg^ne-Mog i i 

•h^ COCO oo oo^cOM cj'M • • •vO • »o • i i 

J-MMMMMMM^^^fMM -4 :J* ^ CO-4 (Nj m M ^ I I 

—4 rg I 


cg*«*««»« •••••• •-4(\j ^ •yor^ «M 

0-4h-coMr^Mr- Moaoaoe-oo^-3*coMf\jg3r^vn sn i i 
•CO CO ooc^<^ o-4t-4G0M ^M • • 4f^ • ^o • i i 
MMMMMMMM d- ^ cr f\IM -4CT ^ cO -4(M inM sO • I 

-4f\J I 


t>- 

cn 

1 

C 


r\i444*4««4444»» • CO O (NJ •iTO •O' 

oo»no<-ivOOin-4snoooor^coa'rgsOin^r ^ or^rg i i 
• cof'-r^oocoO'ChoacgooM j-M • • 4-4 • •r- • i i 
-4MMMM mmm;t ;»■ >^rgM -4 oo^v0M0'^0' i i 

—4 M (\l —4 


Q 

♦— 

oO 


04 «*«**«**« 4 «* *^r--M •inso •in 
oeg COD' M ooMco m- 400 00 o -s-Mr^ rHO' sO M i i 
• 00 OOOOO'O O-4-^COM^M ♦ • •sO • •a • i I 

-4MMMMMMM cr ^ ^rgM -4^r ^ co-4(\iinM o I i 

-^rg » 


o***44«4*4*44« •r'lnrg •rg^a* 

ai^-4(>gxn-4vo-4r^rgMoof^oo{\iinM -4in-4 i i 

• coco coco O' ^OD-4rgcOM^M • • *r^ • 400 • 1 1 
MMMMMMj“cr^crrgM r^aovn^Mo^oo » 1 

—4 M eg —4 


0«4*4444*44^44 •C'f^r^ • >0 CQ • m 

aoo o-4in ogD-4 sDMfMoo ooolo- 4 vor^-4 sor-e- M 1 \ 
• 00 r-coQoO' O'O O-4CMC0 MinM • 4 4r- • 40 • 1 1 

M MMMMM^r ^ ^ ^ r\JM -4:T ^ f^-40ginM sD I I 


4fSJ 


I 


^ ^ 
ocooe) 

UJLJUJLjJ 

0000 

xxxx 

0000 


H4M GO ^ 0 

X 4 • • • 

-4 M vO GO 

UJ ^ "3 <^3 <3 
X 

♦-4UCJUO 


a 


:sL X 

^ K- 

O 4t 

UJO - z 

QUJLDUJX ►-< 

OUJOCI-X X 

• U 

COOOOOOX • i/> •‘QC • «-4 

LJUJUJLiJUJLiJXa.ljJi/>UJUJ O U.QC 

QOQQ QOUJX GOUJCQi— O 1/>LJ UJ 

»— uii-4a:o*-*uj i/) >*OLiJcD 
XX XX XX i-Qcah--Jinoo»- 3 2 : ox 

CJOUOOOH- <103 

UJh-0Lt~»“ X xo ^ z 

^Oin-4so— • jH4Xujmuj <x >• x<tLj 

• 4 4 • 4 4 2:xIjJ-JLiJ»“>- 3OG0Oi/) 

-4:TvOO-4crH4Uj»“2»~<H‘»— LJ>c:o oro 

«-4r-4-4-4rgrg h4 oc^ZiD u.v<_j 

000 CL ObJ«* (X 0X0 

3 33 3 3 3»-4^Hi-4liJ 3 OQC>“ Uii—QC O^ 

OOOCO-jO-JQ:_J3«tUJO>- 
oouoou^-i_iouJ-iui30ouj2rH4uj 
»- h-K- H- 1— I— U* Lu U. Q U. > U> Q. X UJ OQ: 


^ X 

^ ►- 

o x: <i h- 

UJO z z 

OUJOUJX*-* UJ 

X >iC QUIX»— X X •-» 

• 00<X'K O O 

OOOOOOOOOOX • i/> •^QC 4 »-4 

ujuiuiuiuiuiujujujuix xuioouiuj or u o: 

ooooooooc:^oujxt/)ujooi— o oouituui 
►- UJ q: o »-4 UJ i/> ^OUJCQ 
XXXXXXXXXX H-QCCLI- -JoOmH- 3ZOX 
CJOCJO OOOOOOH- \CL —I <xo o 

UJ»- CL>— I— XXO -J Z 

z ^ D in<-isO -4_j t-4xujtnuj ^z> x<iuj 

►HMoo;ro 4 4 • • 4 4zxuj-iun— >- 30 cqoo 
2 : 4 4 • • -4 ^ vOO-4 ^►4UIK- 2K- <X ►—H-UI X -J 0:0 
-4 M 00 -4 -4 -4 -4 rg f>g »-4 ct»-h2cd u >* <t — j 

ooo CL (juj<cr 0 X 0 

UI3 33 3 3 33 3 3 3*-4 H4H4UJ 3 OCL I— UJ ►— CL O 2 

X OO3C0«JO«JCL-JjKtUJin>- 

►40 OO O ooo OU O -J -J -J OUJ _l UI3 O O UJ -r »-4 UJ 
H-U-U.UH-OU. >0>CLXUJ0X 



TABLE A -1 

TEST DATA FOR C 3 H 8 RUN » 44 MAR 12*1981 


0***«**«««***« •QOfO *01 

• • *K> • I I 

aimmnAnA/>m*<*>mimAfNi^.-i#Hoo;r ooK)tnr^osK) i i 

— « ^ro »-4 ^ 


^^••••••••••••« •h** «0 •(h 

o<;r oof*-r^CMOO^-‘%&aoco<^KiH>fgooK>^CN4^r**<M i i 
•K>^tMra#o # • •%n • •rA • • • 
otnLmni/u/itmnvAiniAfM^»^^oo^coroi/>r^o^^ i • 

•HfO «-i •-• 


o************* •0^00 *h*f« 

o >fla>r^r^or^^oo<jDoj<x)rs4^ rors4iX)r4f^cMsOt^u^ i i 

•fo^«^iMro^imn^o^cD 4 rmK> • • •in • •ki • « i 

coinm mm inm m mm m <N ^ CO ^ CO K>m 0 M*o i i 

^ -4 


o************* •^oof^ •conj 
oc>ooooo«-«cocsioo#^oooofnmroocofgmcN<f^ o^ i 
jrmmr^(^oo^mffn • • *m • • i 

r^mmmmmmmmmm rsi ^ ^ commr--o ^ i 

r-lfO t-l *-l 


O************* *00:^^ •00(^ #0 
oroo^f^r^^-^coo^ro^ncofM^ jrr^co^r cocar^ t 
•^^^fN4^^inmr*>oco^mKi • • *vO • • i 

m mm mm m mm mm^cv*.^ ^<x> romr- i 

«- 4 K> 


00 

a 


I K| 

• 


•mOm •Op •o^ 

mr^fNJChO^J^^^r^flp^oorom^mflOM^HK^flOjrm t 
• ;rm^cM^mmmf^<-Hoo^m»o • • ^>0 • • • 

^mmmmmminmm>o CNJ :f ^a>K>mf^OK> 1 


m 


^••••••••••••« •^oo •f^ m •o 

coo^fMo^m rv4^^ ^\0*-tcor* -:r vQ^o >0^0 m>oo > 1 

• sOCM«^(MKi^ococom<^r^coK) • • •co • *o • 1 1 
rommmmmmNomi^cofN • ♦ 

<N 4 


CO 

CO 


o***«^**«^**** •(> 

mK>K»ooo«-ic><vjm*-4mcoKi^m^ coro^^f^ir-«-»^- • 1 
•moi*- 4 Cj^ ;r mm co«-t <0^1/1 M • • »m • ••^ •• f 

fommmmmmmmm^<sj^«^«-if^ itoo romh“C>m i 1 

««>4 fO ^ 


2 ^»««**««»«»**** •oo^m •coco •r** 

o «094m<^^^^f^J•^f^i^aro*-•c^commmof^J%omrM(^ 1 1 

oe •^^fsif^fvjM^mma*K)O^f^C 0 K) • • «m • *o • 1 1 

IN mmin ^ irtm^D K r^oofvj:r^r- 4 *H.-<^ OKI r^ 20 • * 

CO (M -4 

X 


< 


#n 

0 ^^»*«**««**** •f^OK) •^J^ •**• u 

Q^K» mo' 000 >o^ooao«-»K)m%n^NO r-tK> 1 1 

• r^MfNiNcr mmsO<hmoo4r mm • • •m • • I t 

iNmmmmmmmmmmrg^ •-•t-«sX)^commf^O‘^ 1 1 o 

r-l K1 *-4 U. 


m«^*^««**^^**^ •^*'(^‘m *€0 m ••^^ 

ooiNO-^co ^^co*^(N— *x>mmoKimm*- 4 *-i I 1 

•r^mfgMm«rmm«^mc>h-oom • • •m • *o • 1 • 

^mmmmmmmr*' ooooiM^r-A *-•*-• »^soamr^ ^o I 1 

CN *-4 


{^••••••••••••* •iNmi^ •coo H- 

iNmm^cr coiNfN«-4mcoco^ ^moommoo^ ^^**o I 1 < 

• #-io r* coo omcNco^ mm • • • ^ • •o • 1 1 o 

mmmmmmm mmcocMif •- 4 m^“<^m • • 

^K> ^ ^ •— 

</> 
UJ 

•K>mc^ •INf^ *IN ^ 

o^rfN vOCh mmiNf^acoco^^mmmi^of^moomo 1 • 

• o^<NOOOO«--i<^oo(^co^mfo • • *m • *0^ • 1 1 

m>o nmsOvOsO>n>nK*iN^«-t<^^ omsOcOvO I i 

Kl *-4 rH 


iN^*^*^«**««*«* •IN a a •o^m ••-* 

o Ki mom oroo'oo (Ncofsif^m ^<N%o»-^c 0 'O m*- 4 co 1 1 

•oo:rm^mmr^^r*-<NOf^cDm • • • •o • 1 1 

mmmmmmmr^ i^cofN ^•-4 »-*m omr^ 1 1 

(N 


•mOt^ •rHf^ •!<> 

omiNf^ IN o»-«-4r^ mf^cNr^mr^omoof^ ^ vDO 1 1 
•r-ifN-mi*^ ^^o•-^«-^lnoc^^-co^o • 0 ••-« • •o • 1 1 
mmm m m mr^ ^*“C0iN ^ *^ ^*^ *^ m om f**» mo 1 1 

(N 1-4 


X z 
Z h- 

e> 

UJp z 

OUlObJZKi 
oujoci^z 

0000 C9 OOP oOq» • m »QC 

1 1 | t*i t> l it I 14JI&J Z 

QQQQOQQQOOUJZmUJCah-O 

♦— uj»-iao»-«LiJ m 
zzxzzzzzzx *“Qca>- ^mmi- 

UOOOOOOOOOK V Q.«J 

Ui^CLH>0- XXO 


z 

Ui 

X *H 
o u 

• l-l 

p U.X 
muju.uj 

N.OUGD 

3ZOX 

<03 

^ z 


z ;rom^m-<^KixtAjmuj o x<uj 

H4moo^04 • • • • • •zxiaj^uj>->- 33coo<n 
XI • • • • *-4 O' t-4^ •— »UJH- ZH* <H* H-UJ 5C —J CC O 

»-4 m m CD *-<cN IN »-i x*-H ZP u. >- < -J 

000 a. oiiJ<cc 0 X 0 
uj< 3(?5 ia<^<T5 H«i-ih-iuj xo XH* uj^ o:oz 

r 333fl0-jo-joc-jx<uim>* 

►HOOOUOOUOOO-J-J-J3U-JUJ300UZ»-iUi 

^ 1 ^ ^ ^ ^ K- H- 1 *> H- 1 - lA. U. U. a tu > o > O. X Ui O Oc: 


X X 

X ►- 

o x< 

UiO z 

OUJOUJX 

XXXXXXXXXX OUlXI-X 

ppoopopolopql • m •■oc 

UJ UJ UJ Ui iajujui UI Ui UI X (L UJ muJ UJ 

oooooooooouixmuico^u 

»— UiKf q:3»huj m 

XXXXXXXXXX 

UUOOUOOUOUt- ^CL-J 

UM-UH-H- XXO 

z :j-am^m^«jMX uiinuj o 

Mmoo^o* • • • • • •zxuj^uii-v 33ppm 
X • • • •-4irmChr-4d-MUil^ZH-<>-l-«UiXO QCO 
»-immco^^*-i«"i<N(N H-i a^-izo u>-<-j 

000 a. ouKQc 0x0 

UJTaraf3n9r3rBrsr3TBr^h-4t-lMUI 30QCH-UJI— QCOZ 
X 333CD-IOOa-l3<UJm>- 

i-^OUUOUOUOOU^-J0 3 Ui^UJ 300 UiZ)~IUi 
h- H“ h-h- 1— K- h-h-UUUH“QU >0> Cl X UiO CC 


o o 


a UuO: 
mujuui 

'VOUICD 
3ZOX 
<03 
^ Z 
X<UJ 



TEST DATA FOR C3H8 RUN » 46 MAR 13,1981 


go#******##**** •00^ •Kl 

sOfMMr^ fvj*-ir^co^ c>0'aK>ro%oao fNJ-^r^ar-ao i i 

• ♦ •o^ • •fV • i i 

r-4f\J «H «-H 


•s 0 ^^m • ^ o *o 

C 300 O*-»OCsif\linc 0 r-iDK> 0 -^ C^<^J » I 

^roroini/>>ooO'aoo:r • • • 

Oimnimmmnmtnr^vorsi ror\icou^^r-co • i 

f— < fNJ rH rH 


O******^****** «r^>OC4 *o 

oo 00 sO>-«f^^o^opor^f^ *-4orsio cr 00 i i 
•K>mu>4n:j-Mtn^d' •■M^oo<^^ • • • •'O • i i 

GO lO k/>ii> lO lO lT> nOoO^ lA oO I I 

rH(\i «-4 <-4 


«i/>o^** *1^0 *r^ 

Oi-H ^00 vOKloO vDCN 4 r^--*O 00 00 (M r-i K> Csi ro O I I 
•Ki • • *00 • *10 • • • 
r^u^inin in »/urumn vO'OCsi KO • • 


••••• •fsjror^ •mr^ 

OfM— •f^^r^^<>'Oa*»^Oooco^in<N*<M^O'fvi^'^ 1 1 
•for-r^ oo^^in^DO^*(^^*o 0 4 r • • *00 • *m • I 1 
vOlh u^inininininin vO vOCsj ^ forsjco cj' ^ r^o 1 1 

•^(NJ 


(Njav*********** •csicsi •m 

00 cO<Ni^Nlf\ 4 vO^*- 4 rNj^D^»-iNOOO »*^00 O I I 

•osif^coain^ ^l^o<M<^oo(^^ • • • * • 

vntn msO 'nm m to in Cvj ^ CM 00 m ^ 1 1 

^fVJ ^ r~« 


CO 

o 


K> 

a 


•o^oco *K>r^ 

•r4ooM(Nj4n^iO>x)ao«-»Of^oo;r • • • • 

^iomr^ >OLnLnLmomr^(Nj4f^*-<'nfO(\jGOtn:j’f^co • 

^OsJ ♦H *-♦ 


o************* *CDor** *^10 *00 z 

0 'X)f^oo*^^oj'CNi vocao ooior- fsi*-iiracsj»o^ 1 1 z> 

• (M<^4^X)'O^O^sO^~OtnO^*CO^ • • • (M • • to *11 (X 

mm 'Of^ NOiOiOtoiOk0^o>j ^*-Hr-«Ln mcgoom ^ c^ 1 I 

,-H f\i rH «— « 00 

X 

to 

oo«*«««**««**** •lnroc^ so*--* *CM 

on io--« lO ^ ^ OCDO r^f^tOr-* .-HOOr-^cNjsD ltuo t 1 

•ro moo 00 CO '«oco o •- i’mOC' ooc' ^ ^ *11 (x 

Csjtn vOiotniom vor^rsi^ rof-icoio ^ 00 I 1 O 

*M(M •—» •-» u. 



ON 

CO 

I 


*m •«-<G0 *10 

omO'Ooor^*— ,-»om(Ni'000^ i 1 ^ 

• l0^nooDco<^of\l^^O'co<^^ • • • • 1 Q 

•iiOsOf^ 01010 eg 00 to a* h-r^ • 1 

^f\l ^ r-4 

m 


rsj«**a**«***«»* •aooe~ *ro 

«-itncor^r-K»o*-i(Njo vD(^«ooo•-^c^J^^sJ^^c^ 'O 1 • 

• ^(Nirsifo^ ^lnc^ 'O'^oo oo<^^^ • • •c^ • • • • 

loioinioioioimooooofvi ^•-^•-•i^^esioioinooto I 1 

rsi 


UJ 

^••••••••••••« *m PO o • :t ^ *(NI ^ 

r^sor^ o r-iOP^ corsiopoporo^j- ^cOsOfM4* >OPO I • 
•r-rooo' -^•-^t^lK>^-ac^oo<^ :3’ • • •m • »>o • i • 
lo ne* sD'OvonsONOe*fM-3'*^^poro.-<h-m^r^p^ * * 

t-nrSJ rH «— » 


^^••••••••••••« •O'00%O «(M 

Qf*— cooor^ p^esjcoO' 0^0 CDOrsj^fOPOOcsifsj 1 t 
• intOfO^iTtsC^OCOtOCOCOCDfO • • •CM • *10 • I I 
lOiOiototniOLn vOr^ oo(NJ ^ rvi^iofofsja io>o ooio 1 1 

f-HfO »-H •— ♦ 


X 

X »“ 

CD ►“ 

UJij •■ Z 2 

OUJCDUiXPH UJ 

QUJQC^-X X »-» 

• o 3<t 'V U O 

cDOCDOtOOOOOOQ- • oO •‘(X • ►-* 

UJUJUJliJUJUJLLJLJUiUJXQ.UJi/)LkJUJ O U. QC 

QOQQQOOOQQUJXoOUJdll-O iOUJU.UJ 

h- ujH^ cri3 »“«uj oo uJ 00 

xxxxxxxxxx »— or XI- -Jtom*- ^zox 

OCJOOOOOOOOfr- N*X— J <X03 

UJI— XI— I— XXO -J z 

z i-ji-ixujtouj x<xi 

i-ifooo^o • • • • • *z XLU-JLJ I— >- xzjoQtam 

X • • • • vOO ZH- ^H-P— UJ — ) xo 

^ K> >0 00 ^ ^ r-« ^ f\l CsJ i-i XI-IZU) XX— » 

000 X OX^ (X 0X0 

I^J^3 UOXI— XH-XOZ 

3 : 303CD-I0_ix—I3^xm>- 

►HO 00 O OOUU) OO— I— I— I ox XXOOOXZi-^X 
f— h-h- f— I— f— H-l— H*XXXH- QX>OI>XXXOX 


X X 

^ h- 

O sc <l ♦“ 

LUO •* z Z 

Q UJ CD X X X 

^^SC ^ ^ sc sc sc ^ ox XI— X X i-H 

• 00<fv O CJ 

OOOOOOOOOOX • m •‘CC • 

XXXXXXXXXXX XX</)XX O XX 

QQQOOQQQQOX X uOXCQI— O i/)XX X 

I— UJ 1 ^ X 3 •— • X I/) O X CD 

XXXXXXXXXX l-XXI--J'>^t>OI- 3ZOX 

OOCJOOOOOOOI— ^X X <X03 

X I- X I— I— XXO —I z 

Z ^ DlO r-isX>*-iX 1-1 X Xi/)X X<XX 

►HKIQO^O^ • • • • • *Z XXXXX>- at o CD O uO 
3" » ♦ • #r-4^>O0^*^>^l^X^— Zl— Xit X XO 

—ifooco*-^- •— *^egfM i-H x»-*zo x>-<tx 

000 X OX^ X 0 X 0 

XC3CBc3r3«3f3'a<3^rai-» f-li-iX 30XI—XI— XOZ 

X 3 33 CD30XX X3 «ixm V 

►HOU000000003 33 3X3X3 0 0XZI-HX 
H-H-l-X XXI-QX> 0 >XXXQX 


TEST DATA FOR C3H8 RUN i M8 MAR 16,1981 


OLn^iro^^GOsDfMMi ^rsi^Kiaorsi«^^(Ni^i^in i * 
•K>OK>ch o •-•tnrotnvoo o • • *00 • #co • 1 i 
OtAimn^ ;}• mininKun csjTOf-i^^KXNi rsj 1 1 


•00O^O •(^C^ ♦ 

oo^K>o^ (\jcD<orgr\jr^ 1 1 

•foo^oooo-*<inK>LnNOooofo • • *00 • #ao • 1 • 

*^rg r-i 


O************* •ooon;^ •OfNi *00 

• ^ OKI • • •00 • *00 • I I 

ootointn ^ :r lolh LTiKim fNjfo^^-^KKM r^fo csj 1 1 

•-I CNJ »-4 


0*««*«**«***«« •a<M^ •OfV4 *o^ 
oo^fNjoo ^f*of^^ooD*^rM^Kioo<MrsjcoKirsiK)>o i 1 
. •<^OK»ooo^inKun^<^(^o^o • • *00 • *00 • 1 1 
^ vOiT) mro i/>(\iro*^*-»^KUM *-iK) r^KXM 1 1 
•-•rSJ rH 


•0(\»4) *OrH 

mco oo-Hf-i.-#F«^oofNirvjf^Ki fsjrg fo \ 1 
• ^ OKIOO 00«»«(/)K) ^ ^OO'O^OK) • • «Q0 • *00 • I I 
<^inmmK>u>cvjK»^*-4^ro(M«--iK>^ro(Nj I t 
•-* fsi ^ 

CO 

O' 

•H 0*«*«*««**#*«* •0O«-4«H *00 *o 
•* OKMo«^h- O' rhino' •-•fvj*HK>r'-rgfvK>KvfM(Mf^ • 1 
'O •^QKkoo 00<^inK>;t %00'0'QK> • • *00 • *<0 •! I 
^ if into 4AK>mf\jK>—4^*-iK>i\j iM i i 

a 


K)« •••••••«•••• •o^rvim •#-i:r •ca 

C0Kk*-«f'^ 00«-4KMAOOOO«O.^CD^I^mtf I I 

•oofM^^fv^Ki^mOh-^intOKi • • • «o • i i 

Kiio m 10101010 x 0 GO rsj in ^ ^ GO nO <^Ktr^ i i 

^ C4K» 


I o«**«*««*****« •oorviio «oo 

OK>xOO'xOO>xor^Gorvio*-4C^^Kir«r\irsffOKi<M<MO t i 
O' •^OfMGOOOrHiOKk^h-O'O'OK) • • •OD • •GO •! I 
^ ^lOlOlO if ^ lOlO lO KUO rgKl •-»«-« *-MKWM«-lKlh-K>K> I I 

rHCM — • 


o 


h** •• •••••••••• •(M^co *o^ •<^ 

0'xo<^lOxoa>rM^O'a>Kl^O'Aoa>o^K>lOGr^*iOoo I i 
•(MMfMCMfM^m^OGrom^r^ • • «r^ • «i i 
rstinioiov/>iotoiotO'Or»r\j^ f-4«-4iOx0^c0xO^roh^ i i 

•H cmk> 


•••••••••••• •O'O^ »o 

OKI 00x0 GO GO ►^kmm GO K> r^iOr-i i i 

•OK>KIKlKljriOr^OK>0'xO^K> • • • I I 

xO lOiO lO lO lO lO lO xO ^ (NJ ^ xD ^ GO xO^K) 00 I I 

f'JKT 


2 O •••• ••••••••• •xO<~*4«^ • Of^ 

3 OPSJxOOOxO QOlO^O'GO x-trHrxJ*-*K»r^(Njf\jr-K)«-ix-i^ I I 
Qc »;r oojoooOi-noKiror^O'O'OKi • • •r- • *<0 • i i 

K>lOlOm^ ^iniOlOK»lOrsJK)<^«-4<p-lK>fM<^Kl^K>K) I I 
00 «-HN 

X 

Kl 

O O************* • ^ ^ O' vOx^ * »H 

oo xOf-io o lO^ r-icxj K>-^rxj»~*K>f^<M^iOf\j^arxj i i 
Q: •KiocoflO 00x^10 ^Kir^ O' O' OKI « • •r^ • *00 • 1 1 

O 0x1101010-3“ ^lO 10 LOKI lOfNiKlr-* K) rsl^-^Klh'fO Kl I I 

U. r-4 r\J rH 


< 


•0'f'“ H- 

OCSi xO O' O' — I —• 0x0 0'K)^«-If'- GO 10 K> KUO Klpxo ^10 I I < 

•«-4^K>K)^mioa>aoo"OxOK) • • vr-* • *11 o 

xo mm m 10 in imoxor^rv4 O' «^<^K)xo ^ 00 ^^ KHX) 1 1 

*“< fSlfO K 

vo 

UJ 

o* •• •••••••••• • h~ GO m •o*^ •<> H- 

oco c>rxj —10 r^Ki ^ f\i xOoo^Ki rgrg ^ >om^ 1 1 

•*-«mm m^ 3 'm xOGo <-' 4 C 0 O"O xOKi • • • «o •! 1 

>o mm mmmmmxO xOfNj ^ ^<-hcsj^ ^co xO ^co I 1 

^ <S»K> 


^••••••••••••* •fOr-^Csl *0004 *® 

^m®Ki^r oo-3-io.^xo -3“ —»f\i^K>r^ K> 1 1 

•Kl<^fsl® ®«^m^ (Mr* 00x0^0 • • •r^ • •r^ *i 1 

•-tm^rn^ ■3'mmmK»mcsjKi^^^Kirsj<^fOh*K»K» I 1 

*-l(\i rH 


o************* ♦K1K>0 • :t 

a® vOrxjKi Ox .H o *H ,-4^aKir-(\jKicof\irHa 1 1 

•«H ®0®®«-im -3“0 ® O'O' OKI • • «® • «® •! I 

m j*m^ ^mmmKimfNjK3^.-irHKif\j«HK>f'^K>csi • 1 

rH(\l *H 


X 


to 1“ 

UJO • z z 

OUJOUiXM UJ 

ouja^x r 

• 03C V. U U 


O too (0 10 too to CO 13 • i/> •xQC 

IaJUIUJ UiUJUJUJUJUlUiXCL UJOUJUJ 

000 ooooooouix muicoH* o 

^uj»HQc3»Hui m 

X XX xxxxxxx 

OUO UOOOOOC-H- 

UIK*CLI»^- XXO 


• l-H 

or U. 0 : 

1/lUiU.LiJ 

V.OUJ® 

OIZOX 


z ^om«HOrH^H4 xuimui <« > x <uj 

i-iroo^O' • • • • • •zxui^ujt'-> x:OffiOm 
X • • • •— t-d* 0 0"-^*3-»^UJK Z>-«I ►«-»- UJ5C -J QCQ 


•H Kio ® rH«HrH<FHr\jrM iH o: M z o u. ^ 

000 ol Uiij<Qr 0 x 0 

UJT3 ra ro rB ^ fa T3 rOi-H >H IH UJ ^iOCKh-UJh-aCJZ 

X 333cn<JO^O^^OKUim>- 

KHU UU O 00 U U U U-J J -J Z>U4-J UJ 3 O O UJ Z^H LJ 
>-►- h-h- H-H- H- >- ►- H-U- U. Cu >- OU. > CJ > Q. X UJO a 


^ X 
O iC<I 

uo z 

OUOUJX^ 

oujq:»-x 

• 03<l>x 

ooooooooooQ. • m •*qc 
UJ UJ UJ UJ UJ UJ UJ UJUJ UJ X £L UJm UJ UJ 
aoooooooooujxmujoi*o 

H-UII-IX3I-1UJ m 

xxxxxxxxxx 

(JOOOOUCJOOOP- '^CL -J 

UJI-Q.>“I-. XXO 


z 

u 


u. 

UJliu 

OUI 

zo 

<u 


z d“ om<HO«-H jiHZujmuj o x<uj 

►HKlOd-Ox • • • • • •ZXUJ^UJH*>- 3(0030 
X • • • ••Hd* xOO'«~4d‘«-iUJf-ZH-<H>h-UJX^ QC 
^KlxD® «H^rH^(M(M »-H QCI-IZO u.>'< 

ooo a uuj<q: ox 

uj<^ ro rB^'a .'a 1-1 mihuj i*oqck-ujk-qco 

X 3=3r303^0«JQC^3B««Um 

HKJUUOOOUUUU-J J^3UJ,JUJOOOUJ2i-I 

l~l— H*I^U.U.U»h“QU. 3>CJ!>Q.XUJO 


REYNOLDS NUMBER 



TEST DATA FOR C 3 H 8 RUN # 50 MAR 16,1981 


o************* *>0010 •0OC> «fO 

Orj>X}vD> 0 vX> 040 ^ 00 f**^ 0 ^r*«C 0 O 00 ^KKh^ ^ \OK> I I 

• C^OOO*-••-«OO^^^^COflOC^I^^ • • *o • • I I 

o cr uiinininm^ mtOinfMfo ^so ror^m i i 

*-» (NJK> ^ 


o************* •OO^ •IN:r *sO 

rg(^oo or\i^««A^ac>(\»rgKi i i 
♦h*f^coooooa' 00 ^«-i<>^^Ki • • •c^ • #r^ «i i 
OfOfOK>roK>fo^ ^ iT ^csjK> ^^rorg sO ^ i i 


(□••••••••••••« •o^ «r^ 

0«-^u^oooooomc^i(^(^ro(^^«oo(^^^ ^K)fo^ i/)ooo I * 
• oaoa*-H*- 40 o^^aooo(^fsj • • • i i 

rgK> -4 


o************* *^- 000 ^ ♦rvim 
o*- 9 r^fNjNOO' 0 «-<^foooo^a^pn *- 4 OO 0 ^rsifNi'^) I i 

•^*r^cOcOC^C^OO^f^JCK^Oir r<| • • •(> • «f^ •! I 
(>K>K>K>POf<oro^ 4T r-#f-»ro<NjsO»“tro*-«o I « 


o************* •uirsio *00 * 1 ^ 
o^%o*-4CM^MoolO«H^^<^oo<^c^r^ i i 

• <^o*-••-^c^J•-tar-l«'^coco<^<^J • • •rg • •<%] • i i 

00 :Tii>vnirKnirKnLomLrH\jro •^sO'O^O^Mr-sO i i 

fO 


o************* • rSilD • iT 

o,H^•- 4 %oc^ln^^^gc^.- 4 (^( 0 ^o^cg«*^^c^(Mmo^ • i 
•r*-f^cx)ooooa'ao«-<*-*<>K>^K> • • »o • #r^ • i i 
co»^i^rororor<o^r ^ ^^{\|K> r-4«-4r>OfMs0^r<)^C> I I 


crgo^ *^0 •(> 

Oov^roro ^^r^^JcgN-<^oo(^af^^^og^^/> sX)<-*oo i l 

• ooo»H*-4(Njrgo*-i ^^coooo'fo • • • •cm • i i 

if imnirunmimmniDfMro ^sO^^CD^mr^xn i l 

rsiKI r-t ^ 


^/^••••••■•••••« *00000 *»OsO 

O*H00cgg).-4sorgf^ roo»-<(>ooro^ ^*-9(MC^rgKi^ I I 
•^•^•ooco<^c^oa«-^f^K^fOir ro • • •O' • •h- •! i 
r-K)K>roropOK>^ if ^^fsjro .-Ar-irooavo i I 


m************* •LOfo^ *rsi if *0 

ar-(M^ir>r^if ororgr^oooooso - 3 " ^ com vX)fo^ i i 
• CO O eg (M if 0000 <^K> ♦ • ••-H • •eg • i i 
Oitimmmnmimnminrgm ^%o^ 5 ro^roh-%o • i 

cgK> «— I 


O************* •(> go U> • •**< 
OnOO sOco^cofOLOj^ 0^0 00 ^in;f if vOm if ro » i 
• GO C' eg »-* «-H ^ ^ 00 ^ • • rg • l i 
in ^if ioif>minir>tntr>mrgio «- 4 vO^Oir me-in i i 

rg m ^ ^ 


•fO o o •m ^ •in 

ainooe*rgg>irooo^cO'0*^<hOVf-»^ rofogom vX>m^ I t 
• co<e <-*cgfOho*-i»^^inotf)Shro • • *o • *rg • i i 
if if ^ toinmmininmmcgtn «-ivngDif Oif for-tn i \ 

egro ^ rH 


(M«««****«**f«« «(f^(f^in *(>410 *in 
rov- 4 f-f- 4 >oa' vo^go MO<"«a^ 00 ^< 3 * «-^«-(<^orgmr- I • 
•r^e-ooooooo^OO*-«<-«ofo ^ro • • *ce • •e* *i * 
NO^^nmroforo^ifififrgm r^^mrg%o»-HK)^ce l l 


CO 

o 

r-4 0*«a***«**«*«* AGOO^^ •CMsO »fn 

•“ o*Hr^^%oog)*“»NOK>Oi-io^ oomi 3 ^^rgo^egfOsO I i 
•r^f^oo G 0 Ch(>OO «- 4 rgo^KV^ K> • • • o • • r~ • i i 
f-H mroforoK>KiK>^ ^ if ^egro i i 


q: 

< 

r 


o******* ••••-•• •r^G 0 *-( •fo%o 
a#- 4 r-rsj>oo>oege-maoocMnif rgrotn « i 

•e* r^co coce<>oo«- 4 rga^fnif • • •O' • •e* •* i 
^K> forof«OK»fo if if if -f rgfo r- 4 *-HhorgsO i I 


o************* *gDKiif •rgrj «nO 
O CNjif rgr-cerg (MOO »-»c> O' rgm if if om vorgrg i • 
• GOO* r-»fVJK>Ktf\|fVJ if OO' oO • • • »-• • •fsj • I i 
K> if if imnmmminminrgfo —ig>>o^ Oif K)r-->o I l 

rgro ^ ^ 


o«*********«** • 0 'K)in •foeg »r^ 
oo'og ;f f^oo^oo gorgO'^O' cerorg if if min xomrg » • 
• r- 0 '*- 4 (\j roif fvjrgin^oo'OOO'M • • «o • •eg • i • 
rgifcrmmmmmmmmegro ^vog)if o^e^e-gj i i 

rg ro »-• <-h 


2 r^************* •ocem •rjsO «o 

3 o*-*e^egg>o>D*^e-foo^O'ooin.3' ^.-•^O'egKun i i 

cr •r'e-ooooooao— «rgO'K>^m • • • 0 ‘ • • r- « i i 

fnK)fnK>fOK>K>if^^ifrgK) i t 

OO r-4 *-4 

X 

ro 

cj oo«**«««»««***» •e^oo«-i •^o%o •O' 
o— •e-rg>oasOegr^fo^-HO' oom^ r-4.-4^ O' egKi o * i 
Qc •^“e^oooo0'0'ao•^ego'^nif K> • • •O' • •e- «i I 

0 rgromroromm^^ifj'rgi'o .-H,-#mrgg) ^ro^o i i 

1 i 


H 

-if 




o***« ••••••••• «g>oin *g)g> »ro 

ooo*- 4 Mg)^«-»OMr-.-i^ao'r«oa^fo >oing)ineg i « 
• e* O' *-< eg :f m if fom 00 O' o» O' fo • • •O' • *eg • i i 
if if mm in mm mm meg fo —tsom if O'if me- sO i i 

eg eg <—i *-i 


<j 

o 


m 


•G 0 o^^o •ego *m 

ooe-eg sO^-isorsjr^poa.^O' oomif •“l•-^mo'rgm^o I i 
•e* f'- 00 ooO'O OO •^ego' fo if m • • »o^ • •r- »i i 
^mrommmroif^ififrgm f-if- 4 mrgsD*-»K>.-» 0 ' * i 


oa«**«**««#^^* •K>mo •mm *00 

o if O' ^if ar«ooaam^r-gaif comoegmmooao I t 
• f- 00 »-<eg if mm if -no O'O om • • •e- • •«-h • 1 1 

if if m m m mm m mmrgm ^ f-«m \0 if Oif me- m 1 * 

eg eg •-• *-i 


o«***^***«***« »ifOsO •rgm •o 

Qr-* come- r-*r^rg 03 ^ rg^co com if o rgm ^ \ 1 

•e- r- GO ^t)C^O'Oa *-*egom if m • • •O' • •r^ *i 1 
mmmmmm^ f ^ ^egm ^*- 4 mogv 0 ^m*-Hco i 1 


^ X 
►- 
o 

UJCO z 

OUJOUJX I-H 

^ ^ oujoc^-x 

• 00<1 V 

(JDOOOOOOOCDOCL • m •‘X 
uj uj LJ ui uj uiiiJ ij ui ui X a. uj i/) LJ UJ 
QO QQ Q OQ O O QUIX mujCOf- CJ 

►- uj fHQc 3 hhuj m 

xxxxxxxxxx 

CJOUOOOOOOOh- ''vCl 3 

UJI-Xl-*- X xo 


X 

o o 
• »-< 

O I 1 .Q: 
tO UJLL.LU 
V.UUJCD 
3 ZOX 
•103 
3 Z 


2 if om— i\ 0 «~* 3 »-gxujmuj <*> x*ilj 

i-imcOifO' • • • • • • Z X LU 3 UJ >- 33 CQCDm 
X • • • • t ^^'0 0 '*- 4 ^»-ttu^- 2 ^“ <t»- KUJX 3 0:0 

i-imxOGO «-•— 4 *-*»- 4 egeg »-♦ ae-« 2 o u. x <1 3 

000 CL ouj<q: 0X0 

3 '^<B/^'^c 3 r 3 rBf 3 r 3 rB»-lH 4 »-luJ 3 O a »— liJ H- Q: U Z 

X 330003030:3 3 <XUJmX 

►-I 0000 000003 33 333 33 30 03 Z»-HuJ 
*— I— h-h-l— U-li-U-e-OU^ 0 .x 3 00 : 


ac X 

^ >— 

O X <t 
30 Z 

0303X 

:ic: X X ^ ^ X X ::C 03 oh- x 

• 03 «J ^ 

oooooooooox • m ** 0 : 

3333333333X X 3 03 3 
QQQQQOQQQO3Xm3C0H-O 

H* 3 *-g 0 :O »-«3 m 
XXXXXXXXXX ►-a£L^- 3 mm»- 
OOUO<JOUOUO»— \0l 3 

xxo 


X HH 

o o 

• 

O 3 
00 33 
^^03 
3ZO 
<t O 


2 if Om*-»' 0 --» 3 >-iX 300 3 <t > X <t 3 

i 3 m(X)irO' • • • • • • 2 X 333 f->- 33 COLD 

X • • • •^^OO' »-»^eH 3 >— Z>~ 31 C 3 CL 

r- 4 mmG 0 - 4 rHeHrHrgeg HH Q<»-t 2 tD 3 X <I 

ooo X 03 <*q: ox 

3 '' 3 C 3 Ora 300 :e- 3 H- 0:0 

X 333CQ3O3a:33<I300 

(3 (30 O OO U U O O 3 3 3 3 3 33 3 O O 3 Zh-a 

f— e— H- e— ►— ►“ h“ ►— 3 3 3 h— Q 3 > O CL X 30 


REYNOLDS NUMBER 



TEST DATA FOR C 3 H 6 RUN « 52 HAR 18»1981 


X m 0 •vOCJf** 

0 < 0 (N|^ * •^O{Mtn-^O(M(MOf\imvD*-«fl 0 > 0 ^^ 001 ^ I I 

• *hOO I • • •CM • *CM • I I 

Otnu)bn I «*-4 ^sO%ocM4*rsi<^ i i 


0 **«*«*«»«*««* •fOO' — < •KKh •cr 

• f^f*^flO coo CKOO*-<CM(afO CM • • • • sO • I • 

OKIKlfOfOfOfOiTcr^ :TfMM <-Hn^^rOCM^K»ip«i I t 
^ CM CM -• 


0**« •♦••••••• •mcMC^ •roin •co 

oo)o«-4 I ooocMMcor^cMooocMmMd^aa^fM^flO i i 
• f^OO • OOO^HfOtflOOOfO • • • «CM • I I 

oin(nw> I inimmnu>inrsj^«-4»-4 ^so^ocsi-o^rsiro i i 


0*«****««**«9* 0f\i ^ xO *K>0 

ocoQOOtno uicooco^'^ i i 

• ^->^^C0C0flD<^OO«^CM«0^l/>CM • • • •sO • I I 

5 T ifCMf^ ^^>O^K>CM^OK>rM I t 
CM CM —I 


• m 0 000000000 0^^ro 0;t^ •CM 

I 0<00^^ cr CMOCDK»4D>0«-«CO^CMI/)>0 1 I 
• COOO I '-•OOi^KimOOOro • • «0 • *CM • I I 
oOinuom I LOLOtnuoimncMir^^ ^ ^O'Ocm ^ r>ir^ i i 


o************* •«O<-^Q 0 •too 
o€ooo<^>oo«o^c^to^of^«HoCM^^a>or^a« I i 
COOCSK(!!l0^fM40COin CM • • •^ • *M> • I i 
®fOKlfOK»fOK>^ ^ ^ ^CMK) ^-HO ^ ^ K> CM <X) K> »H I I 

CM CM — • 


0 »«* •••••••»• •iOCMM) «rO*-« •(> 

or^co-H • ^CMCMfooCMCMio^fom^—it-->o»oorM i • 
• 00--I • CMCM<MCM^r^OO-^K» • • «ro • •tM • I • 
• imninmimncM^*^^ ^«o«ocm^cmm> i i 


0 *****»«*« •••• •^-K >0 •K >0 •Kl 
aaoaoOinO^«-4^fOKi>pt-r-8 0CMtf^;roooo^*-4 I I 
•r^t^co oooooCd *- irMcocomcM • • •«-• • •'O • I I 
r-rorOrOMMKI^^ ^^CM »0 »-»m^^COCMM>COCM I I 

CMCM «-H 


O) 

o 


o*** ••••••••• •4tCMU> •iTCO »0 

OfOsOO • mCMCMCMsOOM<MOfOiOvO»-<^M)CMr^O I I 
•^OO • CMCMCMfMrOf^OOOfO • • •CM • »CM • I I 
oioioio I k/umn4mr)incM4r ^%O sOcm^cmo’ i i 


o«**«*«*« ••••• •m CMCM 
ooocx>«-iM)OM><^r^co^r^r^^^CMMO‘ o'cooco^tn i i 
• r^t«>GOOOOOOO^CM<O^UllO • • • »M> • • I 

u>tofotoK>K>Ki^ ^ ^ ^CM>o «-^nn«0 4rforMM>too I i 

CMCM «-i 


o 

CM 


QC 


0 *«* ••••••••• *roOoO *^CM *co 

or^foo I c^f^^f^f^ro^M^rcM^Olr)M> o%OM)foooo i i 
• Or-8*-l • KICOKHO^OOO 0»-«fO • • «rO • • CM • I I 
in^inm I inininir>inAnrM<0‘«-««-i «-4%OM)CM^rMkn i i 


Q0000000 0 0 0 0 0 0 •^•HO •m**^ #0 
Oaocoo«oo^^%OcocoM)^-r*« CXM ^coroooo«^M> I • 
•t^r^flOQOO ooo^CMoocoinco * • • «m> •♦ i 

^K>fOKMOIOK>^ ^ ^ ^CMfO M9 ^ CO CM M> CO I I 

CMCM *-• 


0*******«**«** *00010 •mcM •CD 
OOO*^M)OM}»^r^KiroM>C 0 CM^^K>fMr 0 OC 0 CM«^ I I 
•r^i^«ocooooa<^cMcocoio»o • • • i • 

fOCOCOfOrorOfO^iT ^^CMfO «"HO%D^fOrMM>K>fM I • 

CMCM ^ 


o************* *oorot^ *00 

aOO*HNOOM>«- 4 f^COfOM)dOCM<--«CM ^ ^CMOr^OO C I 
• eot>-flo cooooo*- 4 CM€Ocoioto • • *o • 0in • 1 1 
CMcocoforoforo^ ^ iT ^rcMto ^*A>i>^co<MM)coco • 1 

CMCM ^ 


in 0 0 0 000000000 ♦tOf-i^ *^CM •in 

ocooqp * ^OOOa^cofo-«-8CoinvD^r^M)rooQ I 
•OO'H I ^ ;r io4‘in€OOO^ro • • •ro • «cm • 1 
^ ^ mm I in in imn mm CM ^*-4^ — »>OM5CM;t cMm 1 


z 

3 

OC 

CO 

X 

CO 

u 

I 

o. 

O 

Q: 

o 


0«** ••••••••• •CMfOO •CM 

orsir^t- • ^CMCM:rcoooro^- 4 comM)CMOM>tooo t 1 
•00«^ • ^;rmN»OO^co • • •co • «cm • l I 
com mm 1 mmmmmmcM^rH«^ ^m>m>cm^cm^ i I 


O*** ••••••••• *CMCMM> •COf-A •«-<• 

ocMc^o I sO—A— txO ^coco ^fMcom>n — AxO mcooo 1 1 
•cDor^ I <:it mmmmco o o«^co • • «co • •cm • 1 1 

CM^mm I mmmmmmcM^— ^ vDM>cm^cmnO i i 


CM 

I 

< 


(□••••••••••••» •mCMCM *o^ *o 

O^^> 0 *-Am»^M)«^f*^t^f^m 00 fMfM<^-;j'C^ 00 C 0 M)*^ I I 

•r^r^f*^oofiooooo«-«cofo^ CO • ■ •m • •co •! 1 
#Hrococo coco coco ^ ^ ^CM CO «^mm^CMCMM>coco 1 1 

CMfSl ^ 


C^0000000000000 «000 •h“3' ••-< 
OC^t*'COCOcOCOfiOCOO^C^^OCO^COrO(Mr^COM )0 I I 
• f** COOOOO O ^CMOOCO ^ CO • • •o • •co • I I 

COCOfOCOCOCOCO:J- ^ :J*(MCO ^m m ^ CM CM^O CO ^ I I 

CMCM — • 


m 

Ui 


0 *«* ••••••••• *000 •coo *co 

o*-^ocM I Qor^o^ mocoM>cocomM)a»- 4 M)CMa>co I i 
•ooocM I ^mmmr**r^o o*-Aco • • «co • »cm • • i 
i-^jrmm 1 mmmmmmcM^^—* •-< M)m>cm^ cmc^ i i 


o*** ••••••••• •o«^co *m^ •f**» 

ocor-*^ I oof^cMmcrco^£)com;r sO—co vOcoocm • 1 

• Go*H<M 4 ^mmr^oooo OQ«-*co • • *co • *cm • i 1 
if mm I mmmmmmcM if — A^ •^mmcMitcMoo 1 • 


X X 

X *- 

ID X < 4“ 

UiO Z Z 

OUJOUJXC-A Ui 

XXXXXXXXXX OUlXh-X X M 

• o u 

CDCDOOOCDOOOCDCL • t/) •‘CT • CH 

uiuiujujujujujuiujuj±a.umuiui or u.o: 

oooooaoooouixmucDCou muiu^ui 

4— ujA-ictr) A-*uj m N^uujco 

xxxxxxxxxx c-c£CL*-^mm»- 3ZOx 
ouoooouuuuc- va«j r> 

UJ4“Q-C~c- XXO -J Z 

z if omr-tm— i-ji-AX uimuj o x<ui 

cHcocoifo • • • • • •zxui^uj»->- z^ooom 
X • • • •—i^vOO'-Aifl-HUJH- Z4- <C~ C-UJX -J CtO 
^comoo*^ r-i^^CMCM »-A qcchzo u_ >-<x 

000 CL oui<ck: 0 X 0 

UJF3r8i3rarBr3rar<5ra'^>--AAHi««UJ 300:4— UJ4— QcOZ 

X 300cDjo^a:-j3*«uim>- 

CHOUCJUUUUUUU J^-J3U^U)000UIZC-«UJ 
h-l— H*4-4-4-H-C-*4--4-H'U-U.U-C-'0U.>0XL XUJO CL 


X X 

X ►- 

o x<t c- 

UJO » z z 

OUiOUiXi-H UJ 

xxxxxxxxxx OUJCLC-X X H-I 

• 03 «<V o O 

OOOOOOOOOOCL • m ♦•cc • hH 

UUiUUlUiUJUJUiUUlXCLUjmUJUJ O U.QC 

ooooooaooouJxmuicDH-o muju.uj 

c-uj»-«a: 31 -hlj m >n.c>ujgq 

xxxxxxxxxx i-acLc-^mmc- xzox 

UCJUUOOUOUOC- VCL-J ^00 

UJh-OLh-h- XXO J z 
z if om*-4sO*~««Jc-ixujmuj o x<uj 

4 -icocoiro • • • • • *zxui«JUJ 4 - >- zOQQOm 
X • • • ••Hif OOt-iir*-AliJC“Z»“<H-f-UJX -I QCO 
^COOOO«-i*-A*-4*^(MfM >-H crcHZO I 

000 CL OUi^Q: 0X0 

ljJ^FafBr?ir3^r^r^r3.'3<-Hh-«*~AUJ 3 Oa 4“ UI 4— CK CJ Z 
X O3Z)CD^O-J0:-J3**UJl/>>- 

►- 4 UUU OOU U>UUO-i^»J OUJ_ILd 3 00 LJZc-AUJ 

H- K C- C- K H* C-f- C- 4 - Ll U. U. 4“ Q U. >U > CL X tiJ OOC 



TEST DATA FOR CP-C 3 H 8 RUN # 54 MAR 20,1981 


iT 0(N<^ -;r sO oo ^^untncorosOQ m coo i i 
• f^ChOO <X} CO ^O^Oro • • *00 • • I I 

0 4T :tmi04nmimnvmnfMro—<.-«fo^ oom^’ oi/i ^x> I i 
•H f— l(NJ «-9 w-4 


• • •c^o^• *000 •CM 

o® ;rror^irNOa>o^a^»-i^ i 
• > 0 ®® OQ^OO^f>JCvlO ^l/>K> • • •h- • «0 •! 
OK>mforoKi^j-^^^ cj'fM Ki r-f ^>org»-ir-i«Mrn i 


O************* •(M^csi «^Oin *ro 
o® oocsirsji^u)® I i 

•r-oao^rsjp^mcor*o^o^aK> • • •^^ • • • i 

a^^^ini/)kniniDininiO(Mro<-H^Ki^GO(/>^ Qin^o I i 


•• *00000 •<M 

*orsif^roo^o-<^f ^ ®0-* I I 

• ^cocx) c^(^oo^<Nr^ic^ ^uiK) • • *r^ • *0 • 1 1 

ON^rOKirOfOa* ^ ^-rM^O fSJ I I 


o************* •rsi^rvj •co^ *K> 
ooD®Oooforo(>ro^K>Qfsjoj^inQO^aha 1 1 

•^<^r-lO•-<cgpnl/)oo^^c^<^O^o • • *o • *® • • • 

00^ ^t/)l/>lnLnLr>Lnlnl/>fMK»*-^^^^^oo^o^r oin%^ I 1 

•-iCsj rH •— < 


o*«*»«*******» *000 *®oo *in 

ocotom o nOcnj ror-4 ^ror-LO^O^o^coo^ • » 
• ^ 00 CO O' c^ a o «-• rg CMO' ^ in fo • • »r^ • *0 • t 1 
oororomrofOiT ^ arcgro *-i l i 


o************* •mrg ^ •rgr- «o 

Or-ivH^rsir^r*-^ (^rno^'^^ro^-u>oom^x}«-4^^rM*-4 I 1 
•aoo*-i*-»^cgir moo ch OK> • • •«-• • »f^ •♦ 1 
r^^mmmmmmmmm(MK»i-i»>-(K>^oo^^omm t t 

rg ^ •—< 


o************* *orgm *®c> *%o 
O' wrg^r o^m— imrgo<\j«^mcg»ommf-«%o^cooo 1 1 
00 00 ooO'aO'^«^rvK> ^mKi • ♦ • *o • ♦ • 

vOK»mfOf-^K)J^^^:3‘fNJfO ^ f-iOfNJ*-**-*— *M I I 


o*««*««* •••••• vinogo •(%! 

•M o(M^ir rg oooo%o 0 ' 0 s 0 '-*m ^ ij* cocsio— Ar* --tfo 1 1 
GO • 00 CM <3- moo 00 O' o CD ro • • •«-< • •r^ • 1 1 

O' 'fi^mmmmmmmmmrgro.-H^ro^j' cO'O^omvD I 1 

*^fg ?—♦ 


o*****««* ••••• •orgg> *00 o 
o®rg^ 0'm«^g5rgo'^J^K>^jmmg>*^r^<^ coQO I 1 
• 00 00 ®o a o rgo' 4 ^” mm • • • «o • 1 • 

^ —ivocg*-*— l • 


O 

rsj 

QC 

1l 


CD************* *j“og— • *rgr^ *rg 

OOO' m r^\0 00 m*-< m ^ 00 ® m*^ ( 1 
•ooO'*-« *H *^rg^ mr* O'O' o cDm * • *•-< * •h-- * 1 1 
mcr ^mmmmmmmmcgm*-*t-imcr 00 om ^ • 1 

•—4 rSJ r-4 


o •* • • *•!•,•• •• ♦* • 0 '(sim*®<^-*m 

or^fsi^ O'm-*gjrgorgi^mrg^ ^j-NO^gj^ ® OO* • I 
*g>® ® ® O'O o*-«r^rgo' ^mm * • *f^ • *o • • • 
^hommmm^ r-« «-• sO rg m 1 t 


O************* *®^fSI •® 0 ' *o 

om^' 0 (\jo^rg*^mrg^^>o<^m^®am 1 1 

* ® O' O'Q o*-**-irgO' mm • • • *o • • • 

mmmmmm^or O' O' ^fvim ^ «-»'CCg«-**-ti-im 1 1 


m************* * 0 '*-*fvi •O' 

^^-rgo O' o‘om^o0'-»*^mrjmo‘'0»^'-*oooo'm I » 
* vOQO ro 00 o^ oC3*-««-^fsjO' O' mm • • •f*' • •O' • 1 1 
rgmmmmmo' o O' O' O'fsjm ^ ^ ^ m* 1 


m 

m 


z 

oc 

00 

X 

m 

0 

1 

Q. 

O 

o: 

o 


o************* *oor^ *«-»oo * 1 ^ 
or^i^o® O' mm r*om*-*mo ' 000 ® <NO«"»>or^m 1 1 
•f^O'*-«a^fMO' mf^mO'O'Om • • *a • *g) *1 i 
O'O' ommmmmmmvorgm»-ir-*mo‘ covoo omr'* I 1 

rg 


o^************* 0 ‘ 0 'n *m 

oco®i-i Of'-O'O' mmo'— ♦ nOO ®moo(\ 4 r^^f'^ cor- 1 \ 

*h^ O' «— ♦ *-i «-#rgo o O' O' o m * * *0 • *>o • t • 

mo' 0 'mmmmmmm'ncMm-*#-^mo'®%no'Omf^ i 1 


CD«************ *(MC0O' *sOm *00 

om'Ooor'-mt'^f'- ^^i^^omo'mr'-^r^omo'r- I « 
•r^ O' o o^-irsjO" 'Of'- O' O' O' om * * *0' • *m • 1 1 
fvjo ommmmmmmmogmr-*^mooomoomr^ I 1 


00 

- 4 - 

I 

<4 


f'^************* *0'(MO *h*^'' •O' 

00 mo* mO' O'*-* <\4«-Hfg o sO ••^og o cx> O'O • 1 
• sOooooooO'O'OO'-^'-gO' omm •••h-**0'*i 1 
^mmm mmm O' O' o -orgm ^ .-h sorg^-i*-* mi 1 


<1 

o 


m 


o************* •O'fMcg *oo m *r'* 

amo'cof'- moO' O’ moo— to- m O' moomo'O g) o O' 1 1 
•f'^O'a o^mo ' 0 f'-®c> 0 ' 0 m • • *o • •'O *i i 
— lO'^mmmmmmmmrgm— I— imo'cooo'omc"- 1 i 

f\i 


o************* •oo®cg *r^»^ *m 
or^m LOO gDcg vD mo rg—»mrg%x) o m CD CO O’ ©O'® 1 • 
• m® CO O' O'O o— «cgcgO' O' mm ***®** 0 '*i • 
mmmmmo’OO’O'O'ogm *-«®rg — #— 1 — ♦ i 1 


o************* aot— •CD O' •O' 

CDsO >0O'®f^ms0 CDmr'^^vOO O' rgi^— *®^ g)f^m I t 

•f"- O'OO — *mm h'- ® O'O' O' om • * *0 * *'0 • i 1 
o o'mmmmmmmmogm^— *m O’® soo amr- I 1 

— <(NJ — « — < 


^ X 

I- 

cO ^ < 

UJO - z 
QUJC 3 UJXI-I 
oujQci-x 

• or><^ 

OCDCDO COlDOLDOOCL • v/) •'O: 

ui UJ UJ UJ LU U UJ LlI UJ UJ X O. UJ (/) UJ UJ 

OQaOQQOQQQLUXmLJ®l-U 

I— uj q: 3 uj m 
xxxxxxxxxx H-cc:Q.i--imoo»- 

OOCJCJ OUOUUOk- 

UJ»-XI-I— xxo 


X 

o u 
• ►-« 

O L 1 .Q: 
1/)L|JU.UJ 
VULJCD 
3ZOX 
*IUZ 3 


z O'Om— »so— •^►HXLijmiiJ x<tuj 

i-Hm®oO' * • • • * *z xLj^iuji- >• 33 ®tr>m 

X • • • *»-*0 ® 0 '— • 0 »-^UJI-“Zl—<X *~»^LiJ 2 C— I Ct o 
^m® ® — <fMcg »-i Qci-iZO Li. >- <t ^ 

000 Q. oiij<a: 0 x 0 

Ta»-g^^-iuj :*oq:I“uji-q:cjz 
X i 53 r)®-JO-jQ:-J 3 <iujmv 

hHU O CD O UO UU L>U-JJ -J 3(jJ «J Ui 3 O O uJ Z hh UJ 
h~ y — ►— h- ►“ H* ►*“ H- Ll. Lu. Ll. I— O Li.. I>O^Q.XljtJOO' 


:i: X 

:< >— 

CD iC <I 

UiO z 

QUlOUJXi-l 

^ ^ Oujoth-x 

• ODD** >s 
CD CD CD CD CD CD LO LD CD O CL • m •'CL 
UJUJUiliJUJUJUJ UJliJUjX CL LJcOLiJUJ 
Q QQ Q CD QQ Q QCDU X m UJCD^'* O 

I— LiJ CC DD »-* UJ m 
XXXXXXXXXX h-crcL»--joomi- 

OCDUOUUOCJOOI- ^0 I 

LlJ>- CL»“»-“ XXO 


O O 
• ►-! 

O iJL CL 

muju. Lij 

><OUI® 
3ZO X 
«XO ZD 
-J Z 


z O’ om —igD*-»— »»-i X cumuj <* > x <tiij 

i-^m^O-O • • * • * *Z X LiJ -JUJI— >- 3Z5aDCDi/> 
X • • • •— IO-® O'— • O-H-IUJ Z»~ <1 2L .J CL O 

-4mg>® — <(\jrg ♦-♦ cr »~<z cD u-x<x-j 

QQQ CL OLU<XCL CDXO 

ui(3<B>a fB fB ra <a ►Hui s o cl h- ujh- cl o z 

X ZDZDZ>CD«JO-JCL-J3<«Ljm>- 

♦-ICJOCJCJCDOCJ UU CD-J^^0CJ_JuJ300UJZ'~iUJ 

1—0 Lc3*0> CL XUJOCL 


TEST DATA FOR CP-C3H8 RUN # 56 MAR 24,1981 


• • • mCsi • • I I 

^ *^cor^a-^^mooao i i 

K»K> 0^ 


o************* •O^f^OI •f-CM 
0»^r\i»i4aor^tA^KiroNOC4f^tnrM^CM0^6k^O^^ I i 
•r^ooo c^Or^•o'< 4 >^^^*<^<OC^fo • • •cr • •f\i •• • 
^im/>iAi/)intorsiK) »-«0Qf^o<--t^mQ0O i i 

KlfO <p4 M 


o***«««***«*»* •<MncNi •o«~« •O' 
(□KMX 3 >D 0 ^(Mr^MK)CNiKl«><i 00 OCNJ<^ <NJI/)O^K )«0 I I 
• OOflOOO» 0 *H *- 4 CVf'JfMO ^ ^K| • • *K> • #Q • I t 
QKiKiKifo^j* :T ^ cr ^cor^ QUirOf^ ^ ^ I I 

<H rOCNJ eH 


tf>**«»*»«****»« •ro^rO «00 •»«< 
OK»oa^Or^CMOOCMK)CNjro*HQOr^rOO(MsOOsOK>^ I I 
• OHO Q o #-« <-f rsi Csj i\i • • #fo • •a • i i 

^oor^ o toKir*. ^ m i i 
rofvj ^ 


o************* ar-h* (NJ ar-fCO •<> 

• c 0009 ^ ^ ;}'KI • • • *0 •! I 

ooPOKiro^r^cfit^ir^rsjfo -^ooi^Oinpor^^vc i • 

fnc4 ^ 


ar^fiO^ •<> 

o#^roK>«^Oh^a- 9 a^d«ooK>aotnK>^o^ pocM 04 « 0 MP^ i i 
•^-*coo o«^«^po moo <>00090 • • «nO • *90 «i i 
>o;r imnmmmmmrgpo ^oor^ o«-9^mooo i i 

POK> IP-I 


o************* «oo^ amait 
o«^40^9o<d^0^^ oo^rooopotf o ^aHor^mrsj i i 
•f^ CO oo<^rM90 moo 000 000 90 • • *00 • *90 • 1 1 
lAiT ^ ^ mmmmmmmrsifo *-iooooo#-i^moD*-i 1 1 

fOPO ^ fM 


00 0 *«*******«»a« *09000 •fSiCh *0 

o omooo<Moo^o^^^ 90 fNiorMfoo— too^oor* 1 1 
0 ^ *a>oooo»^(M9Mrsj<MO ^^po • • «m • *o • * • 
r^pofOfo^r^^^^^:jTM9o «-icop^ompor^4''X) 1 • 

•* 90(M rH 

<M 

O************* •r^:T rH •OJO *>0 
QC O^OCOfMOO^O^O)^^ (SiODPOPOOfMa^a^OOOm I I 
< •QOOooo^rarMrvirviO • ♦ *m • *0 • 1 1 

X > 09 OP 0 t 0 ir^cf^:r^^<NJ 90 ^oor^ompo>-^m 1 1 

fO(\4 p-l 


rM*«**«a*a«*««» •O«0 00 *m^ *%o 

;^^J^•^or-ooPOfOP 0 9^f^roof^^*‘MflpO'^•<^9<maH 1 9 

•r-ooo ot^csipomoooooopo • • • *90 • 1 1 

mmmmm mmrsiro *-*oor^ c>^;r moo*^ i 1 

<M90 rH (M 


COa*«**»*a*«aa* *^0 *00 

fsirvir^r- ^ 9 ^ j^-^NOPoofMor* ^ 090 <^ fsjoO^oooom • 1 
•>*€ooOf-»rsiPOi^>-a€>ooopo • • *0 • *90 • 9 1 
90^^^ mmmmmm^orgro ««4«of^OfM^mcor^ 1 1 

rofo —# CM 


9 *^ 

m o* ••••••••••*• •<Mo 

am^Q0fMom^^M>m^ fOoo^foorsirMO^oom 1 1 
m •QOoooa*-«rMfMfMCMo ^^90 • • «m • «o • 1 1 
if9oro9o^^:r^;r^^rsjpo ^oof*- omcor^^m 1 1 

2 porsi 0 ^ 

z> 

o: _ 

O************* •:t<X}^ • *-«0 9^ 

00 om«*^oocMO poQOinpoc>9omo^«oo 1 1 

X • 00 OOOO«^CMCMCM<MO cr ^PO p • *10 • *o • I I 

90 P0P0p0P0cr4' ^ ^^^(Mpo ^Qor^ ompof^ 9 i 

O POCM 

1 


I 

< 


*PO ^ O •«-» 

0'-90or^oo^M>mcMCMor«corMOrMoooooo^ 1 9 

•>-000 OCMCMPO^ ^00 00090 • • • *PO • I 9 

CM^^^ mmmmmm%ocMPO — * 009 ^ ocM^^'inoor-^ 1 9 

POPO *H CM 


o. 

O 0***a«**aa«*a« •^^-0 •«-»00 *0 

Om«-iaOCMOm^^sOM>^ PO 00 M> 9 O 0 ^POroa^ 9 *^^ I 9 

oc •oooooo^rMCMrsifMO ^^90 • • «m • «o • 1 9 

O CMPOPOPO^if :r iT ^^^CMPO »-^C 09 ^ OlOPOf^ ^ sO 9 9 
U. POCM r -4 


o************* •oomio *00 

0-40 0) mooooo(M«-icMooo<>«-*«o fMPoor^ com I i 

•P^OOO POPO ^ nX>0 0^0 PO • • *fM • • PO • I I 

^mmmmmmmrsipo ^oor^ ocM^moorsj i i 

POPO *-• CM 


o************* *^00^ mCJ0^ afM 

OaoOsOPOMJP^O^ OOPOOf^ OCMOPOOOCO <>0 I 9 
• r^ODOOf-tCMPOm > 4)000 00 ^ • • *90 ♦ aro *1 9 
^ mmmmmuimcMro ^oor- orM<^moocNj 9 9 

POPO 0^ (M 


►-» *oo^t^ ••-»a #fM 

•< o^<^co<MOm*H^^tn^ poaor-^o^por-op^oo i i 

O acoO'OOa— *(M(MCMfMO^;J'PO a a am a *0 • * I 

^popopo :r ^ cr cr ^ ^cnjpo —•cop- ainpop^cj- sD i i 

►- POCM 

co 
UJ 

P- a*«***aaaa*aaa aOOOO *00 *10 

cacMoomo sO(Mr-^cM*-imcM9*^coocM*^^oaf^op^ i i 
• 00 00 OOO<^«-*PMrMCMO ^90 a a am • aQ • 9 9 
POPOPOPOcr^^;j‘;j*^fNjpo -aoDco^-^mrOf*^^^ 9 1 

POCM ^ 


X X 
X 9- 

10 X< 9“ 

UJO Z 2 

OUiCOUiXM UJ 

XXXXXXXXXX OUJQCP~X X PH 

a QZD< V U <J 

Old 00 CO to LOCO 00 a. • co *-a: • ph 

ujuiuiujujujiuujuiujxauimujuj 3 u.oc 

ooooooooooujxmujoop-o oouiu^ui 

9— UJPHQ: IOphLU to *S.OUJCD 

xxxxxxxxxx p-a:CLP--joomp- xzox 
ooooocjocMoup- N^a-J <o=> 

ujp«a.9-K xxo -I 2 
2 crom«^m^ ^pHXUjmiAj o x<uj 

PHPOoOifO a a a a a *2 XUJ-JUJP~ >- 3 ZDCDtOoO 

X a a a a,^^mO^^PHUJK 2 K<Z P-P^LJX -J 0:0 

^romoo— 9^r-i^CM<M PH a PH 2 CD u. >• aX -J 

OOO O. UUJ<tOc 0X0 
UiT3<^<9 CBCTS rgcac^ rBrsp-iPHPHUJ 3 0QCP-UJP-Q:02 
X 033GD^OJO:^3<Ujm>- 

PHCJCJOUOOCJUOU«JU^Oui^LAJOOOUJ 2 PHUJ 

»— P-9~P-9-P-P-P~P-P-P-U-U-Uu9-OU- >U>flL xujoq: 


^ X 
X P- 


O XhJ 


p- 

UO 2 


2 

OuJOUIXph 


U 1 

XXXXXXXXXX OUJQ: 9 -*X 

X 

PH 

• QOalN. 

o 

o 

oooooooooocL * i/> «o: 

a 

PH 

UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ X a. ujouiuj 

or 

U.Q: 


OOOOOOOOOOUJXmuiCD9-0 O0UJU.UJ 

P-UJphQ:3phu </) NiCJUJCO 

xxxxxxxxxx 9-X(L9--JmoOh- 320X 
ooocjucjuouop- N.a.j <oo 

UJP-O.P-P- xxo ^ 2 

2 ^Omr-im^^PHXLiJtOUJ ac> X<UJ 

PHiPOCOiTO a a a a a a 2 XUJ^UJP-V 330000 
X a a a a mO «-4 ^ PHLUH- 29 --< h-P- UJ X ^ 0:0 

«^pomo»-H»-H*-*,-iCMr\j PH QfpHZO 

OOO a cjuj<o: ox o 

UJOCOr®fB rsrarg c3rg rap^PHPHUJ 3 OQC H*UJP-*Q: O 2 
X 3 33£D30 3QC-J3<Ujm V 

PHUCJOOOUOUCJO^ -J -J3UI-JUJ3 00UJ2PHUJ 

P-P-9-P-P->“P-9-P-h-P-'U.li-l4-9-au. >u>q.xluoc^ 



TEST DATA FOR CP-C 3 H 8 RUN # 58 MAR 2 b, 1981 


•<%! CO • >0 

oo^ c^^Nico ^ CNJQ cT o i i 

• ^«KQ0«0c0(^OO*^CsK^ ^iAFI • • «>0 • • I I 

orofOKiKjroro^^^^csjKi «-4K)^a>a<M^rsic\i i i 

-•fSi ^ 


O************* •r>jh» *00 

CD O' ^ fO(\J C0«^(\Jr-l ^ r-^f-lfOOO CNisO-:^ C^^ • I 

• r^r^ooco Goooa*-^<MCh ^ • • # 1/1 • 9>o • 1 1 

OKiroroKiroroiT coofvi^rsiM • 1 

^fNi 


•fOO^O «rg GO •!/! 

OOO'OsJGO I I 

♦ coK 0000 000 ^ o o CMO ^ inro • • •^o • »>o • 1 1 
00^OrONlh0K>K>^ ^ ^rO^OOOfM ^OsJ f\4 I I 


rsi************* *00^00 «u>ro 010 

• rof^oomoo«^ro fOiT csiOiri Of>J • • •fM • *oo • • 1 
r^minurttn iTisO'O 'X) sb oofM^ ♦ i 


0*««********** •h«CMf-*« *(>100 
oo^c>»-^r^ ^forsjco*^rsii^^*-«rsjK>flOK»oo^ Oit -S’ I • 
• t*>h-OOQOOOO^OO'-*OiO« ^UlKI • • •m • •yO *1 I 
r^K>roroK>K)K>^ ^ ^ irrvjro r-*K>^coOf\J J'CMro k l 

•— tCsJ »— • 


(□••••••••••••• •nOlAcO *cX><^ 

a vOco sO o^r* o^«-»rvico tnao^ OGOf^ vO<M— <o ooo 1 1 

• oro jr *-i ^ ^oo coc^ ♦••rsj«*o«i 1 

— •^o oo^om^^J<^ 1 i 


O************* *^ 0 ^ •CNJOO 
OOO^CsjaO cr ^ POOOfMfM'-^^CD^^OOfNJO^ vO I I 

• CO 00 00 00 O O •-« fVjO^ ^ 1/1 • • *1^ • *>0 •! • 

>OrofOK»rororo ^ iT ^ «-»K>^coO<M^fNj*-* I I 

-HfSl »-» 


•-H Qc************ »ro Qocg «C >0 

GO ac^^^^sOC^c^oOQO^oo^o^ooo^-Lnaoau^r^o 1 1 

o >or^ 00 o in o ^ rsj • • »o • • o • 4 1 

^tnu>imrnnininirunf^oj^ — ^^£)ao^^mrgoo 1 1 


«^i-«Q0 •CsiO 

00 ^ 0 ^ (Moo -a" ^ (Moo (M »H r-ifOK»flO fSJ*^ Jf O^in O I 

• r-. cx)(X) coooa— •rgo i/^ro • • »nO • *v0 *i 

tf>K>K|K>KlKlK> ^ ^CsirO ^K> ^ CO 0(M ^ fSj K» • 


>o 

(M 


QC 

x: 


•rooo«-^ *ao(M *0 

O ‘ ^ O O cof^ 0 ^ IDO >0 OOCD I I 

• i^in >0(M ^^r^F^O<MOCMfO(M • • •fSI • •(> •• • 

m4/nnmimni/>inmir>r-c\j^ i *-«%ooo^^uirsj^ 1 1 


^••••••••••••« •\OfMir) 9C\iO^ 9*^ 

OO o«^r*^ <M oo*-^cm«-» C omoro ^ olo 00 * • 
• f*- h» coco QOO^ oo«-«<vi^ • • *'0 • •sO • • • 
^roroforoforo cr ^ ^ ^(Mfo ooorvj ^(MQ ! 1 

rHf\i *-4 


^^••••••••••••* «ro4>oo ••hO^ •<\i 

Ococ^«^r^fo^o(^JCOCM^o•-•«-•04^^oO■^(/>^ C^;^■ O • I 

•f^r^cOfl*ooooo*^(MO^ cr ♦ • *>0 • * 1 1 

fOK>K>MPO^OK) ^ ^ ^ ^r(MK> ■-• K> ^ 00 O fNJ ^ fNJ K> I I 

-nrsj i-4 


n ••••*•••••••• *> 0*~^0 • (M ^ * ^0 

ooa'(McOJ'^f^OfM^o*-«*-<o-^f^cofOLn^o^inao t i 

• r^f^ 00 00 000^OO*-(fM<> -S’ ITIM • • •'O • •>© • • • 

K) K> Kkro to ;r ^ -:r ^ (M ^f0^00O(M^(M«-i • I 

r^fM —I 


m 

tr 


z> 

q: 

00 

X 

K> 

O 

t 

o. 

u 

cn 

o 


r<^«« •••••«••••« «oo^^ *o^p *00 

O' >ocot^ o ^\0 00 CMC^ ofvi (Moof^ iaO ^ o %or^ ^ • • 

• (Mln^o<^Jm^^coaoQO<^K^ iT(M • • 9^ • •o^ • 1 1 

KunimrKninmtnLOOr*(Mir •-* voootom rgr^ 1 1 


(^••••••••••••« •OO'tO *0^^ •r«4 

OChO %0(M^OO«-*(M»-*^0*-^ (^o 'OO^OO^ I I 

• <Mi/>>JD^om^-<^ O^ • • «-r-i • #o^ •• I 

to miomiDLOinkD m sO >ocM ^ »-<>oootOir) (m>o ♦ » 


o************* •(M^^r •oofo *r- 

o ^ o ^ 00 CO 00 oor^ vOfMo a "O o lo i i 

• rsA/iiOtoi/>r*-o- floo^ coO'Csj rofsj • • •(\j • •O' • 1 1 

(Ml/lUl lAUI LO LTiLrt lO tn vO(M r-« 00 to lA rsj sO I I 


LTN 

-4* 

I 

< 


a •CNJO 

a 00 (Mr- ^ to (MC0<\i(M*H *“4 CMA4’ GO 4’*^ 4" OlO 00 I I 
• r*r-QOcoooo oa—«fMO ^ crtA • • •r- • • 1 1 

^ ro to tA fA to to :t -3^ ^ 4‘ <M to ^tO ^ COOfMlACsJO I • 

<-i(M ^ 


o************* •csir^^ «tA 

C3COOrsJOOlAlA cj* OtAfA«^ <^OlAtAr^ r-lO-at OlA h** • I 

•r^ 00 coco (X)o a CM O' 4* lA to • • »r^ • *4> •• • 
to to to to to to cr 4T 4“ ^ (M to f-ltA ^ OOOCM ^(M O I * 


oO 

lU 


0#**«********* • O C3 00 •00«-H *9^ 

ooo(M to ^lA tAi-» vor~ tAoo ooovo 'Oa ao I 1 
• QsOlAlAr^OOO'OOOO'tA :rrvl • • •(M • •<> •» I 
•— tlALAlALAtAlAsAlAlAsOfM^*-**— • *-1 >A €0 tA lA <\J I I 


C:^^^^^•^m^•9999 •(M^ 9(\i 

a otA (\i^ Of-t ^ »-HOtA tor^ ^ cAo ^ *-^iA sA i i 

• r\i^^ o (M a<^tA ^ (M • • •r^ • •O' • i i 

LncOLAiAvOvOsOvOsOr-CNiJ* — lr-< ^LAt^tAlAfMOO I I 


o 


:< X 
^ h- 
o ic:<t 
UJtO • z 
OUjOUJXt-^ 

^ ^ iC :2t ::C ac :2C 3C OUJttt— X X 

• Q3-«^ o 

LOCDOOOOOtOOOQ, • cO •*0C • 

UJUJliJUJlUliJUJUiliJUJX O. UilAUiUJ C7 U.(^ 

QQOaOQQQQQUJrtAUJCDt-U lAUJU-UJ 

t— UJ t--»QC 13 tH UJ I/) ^ObJCD 

xxxxxxxxxx K-crat--ioooot- 3Zox 

OCJOOOOOOOOt-- I *1013 

LJt- Q>t~t~ XXO -J Z 
z ^aLn*-«NO— »— it-iXLji/)uj *i> x<uj 

►HfAGO^O' • • • • • *ZXLJ^UJ»->- 33C0OCA 
X • • • • ^ ^A O' 4’ t~< UJ H- Z t- <I H- H“ UJ _i O 

-HfANOcO^*-^'^*-«<M(M t-l atnZLD U.X-1 

ooo CL ouj*tcr 0 X 0 

ujc3(acararaofao(3t3»-t*-Ht-iijj 3 0 q:k-uj»~ccoz 
X 3 3I3C0-IO-jaC-l3<IUJv0>- 

t~lO O O O O C3 U o OO ^ —I -JZ) UJ -J LkJ 30 OUJ Z ♦-! Ui 
r-l-Li-UuU^t-QU^ >U>CLXtxJOQC 


o 


X 

o a: < 

UJO •* z 

OliJ OLUX 

X ^ X ^ OUJQ:h*X X 

• O 

OOOOOOO OOOCL • (/> X • t-i 

UJ UJ LiJ LU UJ LiJLiJ UibJUJXCLUJtALUUJ O U-OC 

QQQOOQO QQOUJX uOUJflOt— O 0 OL 1 JU.UJ 

»— UJt-HQ: 3t~iUJ </> 's.ObJCD 

XXXXXXXXXX t— cr Q.»— 3iA4At— 3ZOX 

OOOOOOOOOOt— ''S.Q I *103 

ujt— a. »— t— xxo 3 z 

2 ^ DlA X UJtAUJ *t > X<XbJ 

tHtA004'O' • • • • • *ZXUJ3UJ*-V 33GQOtO 

X • • * • r-H CT \D^ ^ ^ »— iLiJ h-Zt—*lt”t“liJiC3 OC. CD 

.— «tAvOflO^«— t(M(M QCtHZO U. >• <I 3 

OOO (X 03*1(3: 0X0 

3r3'^ra'T5^'3caO<T5ca»-th-«t-H3 30X»— 3»— CCOZ 

X 33 30D3 0 3Q:3 3<I3t>0>- 

»-iUO U (3000 00 033 3 33 3 33 0 0 3Z»^ 3 
►— > — r~333t“03I>0:>CL X30QC 



TEST DATA FOR CP-C3H8 RUN 8 60 HAR 26 f 1981 


0 *******«* • ofsjtn *ino «o (M • 

och CM^(> 

•f> 4 fo%pK>Kif'jcM*H»-«o<^ \j 0 f*“O • • • •♦HI •ino 

(M^ C0QKIh»^r^ 

^ •HfNJ rsj ^ 

n 

•OCM-;^’ • sO Csj ♦^Csl • 
oco o^Mco ^-<^ \OOc>4Cuzr \orgQOK)« 6 K)<Mr^oOinK)<^ 4 n 
•<^^^'>>OfO^OC^Jf^J ♦HrHOO v0f*»0 • • • 00 • •rH 
C^^4)NOvC%^vO^%b^^r4KI CNJ^ •!/) 

♦H<M M ^ 

ro 


©••••••••♦•••» • CNi ♦■< I' '< •UXM •♦-•Ch • 

Q^««>K)^•^G 0 4 r a>Mca^c 6 K>^r^G 0 inain^ 

• ^fOOKIfOfMC^J^^OCh \X>h^O • • *00 • •lOCO 

00 ^)O^'i>>X>vO^^sO%ors 4 M (M:r if coofor*^ ^ #fO 

-Hfsj (>J ^ 

©••••••••••••* •lrt <-8 •CNJ *-4 • 

o >o «oin o >D CO cr <-H t-H 4 T %o (>J 00 ^ CD ^ Ki CO (A sO csi 

•<\|K>%OK>Klf\i,fVi«^«^HCDCh sOf^O • • •00 • • «h • lAlA 

rviif ^ oooKtf^^ ^ 

^r\i CM if 

K> 


• lO ^ «H «^00 • vO 

0^0^ ^AlAif C^O<> 00#H(MfM<Mn>X) ♦-•CMAO I ( 

•^flOtAlACf • • •f** • •f-H *11 

Kk^ t/)tntf>iAinmininrsi 4 rH 4 iH ♦H^otnoi^ r^rH I i 


O************* •coco •<> 

ou)iAfNjf«ao^a«coooo»-i^ro<Mmno^(Mi/)Of^oo i i 

• ^C01/>C' iOK>^|Af^f^<h • • •CO • • ♦-• • I I 

rsi^ ^m^u>inLnyntnwvNj^i-i<^ f-Himnrx^ rsjo i i 


•fOf^^O »^o *o 

♦^fooofM*H«-Hoo«-H ^Ainch iAtn CM>iA^ ^ • i 
•^*ooQa>oo^r^<^oo<^o•Hm • • *a^ • •♦-^ •! t 
rH^^m if inmi/)i/)(mn(M<;f rsiM i i 


□ ••••••••••••« •o^fg »o 

Of^ if 00 lo OfMcgiA r*~ CO— • oor^o if in Oimno roif i 
•CO— A«-4 •H ^ CO o ooo^o^^n • • *in • •^ •! 
if mm mm mm mm mrsi ^-4-8 ♦HmmrM^<\j^i 


I 

I 


o**^^^»**»^*^* ••Hf\i<f «^fn *if— • • 

om if mcoj^f^o^if ^cN 4 co^cornmf^com-«mo 

•fsi K>h» POfncgcg^^— 8 0 Cf* • • • oo • •— < •moo 

^ >OiO \0>c vommvO>CsO\Crsifo cg^^ooomr^if r-* •m 

CO — *(M eg ^ 

o ro 


► O*^^********#* *(>eg^ •meg •meg • 

eg oeg — eg ;f meg soo^o^ < 3 * NOegooMooMmr^ oomro>om 
O • (vj if flp m^negeg— 80^0 noe^o • * • oo • • —4 •mo^ 

m^^ommgomg)mmegK> eg^^oooK)r*-ire- «m 
Oc — leg eg if 

CL ro 


O* •••«•••••♦•• •♦-^431^ •m— « «oco • 

ege^ — < eg%oegNOoooo<f^g>egoo 4* co<Sj co^ omm 

— i •^^ao^nM(Meg<-•oo^(^>o^^O • • •00 • •♦^ •mr^ 

>0 if mgommvomrgK) egjfcfooOMf^ifm •m 

— I eg eg ^ 

« M 


z #^mm •mm • 

3 000 if’oo 00 egm— tmoor^^ megeoef coif egf^ co t^mNOm 
OS •«-H ifoo fMMkfMeg«^oc^<^ >4>r^o • • •m— * 

ro« 4 )mmmsommmmmegK> eg^f iroooKtf^if m •<> 


^ —teg eg ^ 

• fO 

CL 

cc o • • • • ••••••••• ••-gKico •gom •r^eg • 


Of^ ooochKkmojgio^r^if g>(N 40 if ®POegr^ooh- 0 'X>oo 
a •-8^<^egfn^g^g— •o<^<^ • • •ch • •— ♦ •moo 

o egmgommmmg>mg>megm eg^r cr ooame«*^m «r^ 
tu ^eg eg if 

ro 

a«^«^*«*««**»* •mo^K) •m-a- «meg • 

^ or^ — i^megmoco^e^egc^fne-ego'e-cO'nf^mm 

o •♦^ mcofn pofNirvi— 80 cf^O' m r^o • * • 00 • •— • •mm 

— t'OvomsD^O'OvDsOmmegpo rviif if coomr^^m *m 


—teg eg ^ 

m ro 

UJ 

o^^^**^«**^^*« •mc^(^ •COO' •— 1 €^ • 


o m oe^ 00 — to me^ a e^ ^ • voo^ CO if o c^^* e* M — f m m 
• ege- m ^Kiegego^ ^ e^o • • •m • •— • •mfn 

m >oe-gjmmvO'X)msoegKk egfo^r^ofne**^ sO • ^ 

— leg eg k» 

fO 




< 


^ X 

X I- 

o x< 
uig) z 

COUiOUJXhg 
XXXXXXXXXX OUiOCf-X 
• V 

CD CD O 00 CD CD to CD CD CL • \A *(L 

ujuiuj u UJ uiuiuluj uix d iij m u u 

oooooooooouixmuioDH»o 

>“UJM0C3fHUJ m 

xxxxxxxxxx ^crcL^^mmi- 

OUOOOUUOUOI- 'S. 0 L 3 

UJh-CLl-»“ XXO 

2 if om— ivo— <-J*-tx lucouj o 

t- 8 fOOO^O • • • • • •ZXUJ«Jlil^>- -M 
X • • • •— tif mo — i^t-tuJH- zp- X r— r— LUX 
— •fosoco— t^— 8— tcNieg 1-8 oc t-tzeo 

000 CL OUJ<CL 

UjrarjjfB » 3 r 3 raf 3 TigratHrHMUj 3 0 Q:»~- UJ 
X 3 Z 33 CD-JO-fO:-ja 

H 8 UOOUUUUUUU^^^ 3 Ui JU 300 

U.U.H-OU. >0>CL 



►“ 

0 x< 


H* 


2 

UJO 2 


2 


UJ 

OLUOUJXLH 


UJ 

X 

8-8 

xxxxxxxxxx OUiXH-X 

X 

8H 

u 

0 

• 03<V 

0 

0 

• 

M 

OtOOOOOOOCDOCL • OD *<K 

• 

►H 

or 

U.QC 

UJ UJUI UJ Ui UJ Ui UJ UJ Ui X Ql UJ m UJ UJ 

0 

U.O: 

muiLuuj 

OOOOOOOOOOUiXmujCDJ — 0 

m 

UIU^UJ 


UUICD 
320X 
<03 
O 2 
X8CUJ 
3 CD com 

o oco 


CDXO 
k-CLOZ 
<Ljm > 
uJ2>-guj 
xujocr 


►“lutHcr 31-iuj m V. oujoo 
xxxxxxxxxx cLCL^-ommi— 320 X 

OOOOOOUOOO»- VCLO <03 

Ui^-OLl-l- XXO 3 2 

2 ^ om*Hm— lOk-HXujmui o x<uj 

t-imoo^o • • • • • •zxujouji^^ 33 cDcDm 

X • • • •— lif mo— lif PHUJH-2h-<h-U*UJX^ QCQ 

— iPomcD— 8— 8— t— legeg t-t or 2 CD u- >- < 3 

OQQ CL UUJ<CL 0X0 
UJC 9 Tar 9 (?i<B <^c 9 ca rara»~8H8i-8UJ 3 o oc ►— ujk- cr cj 2 
2 t 3330 D-JO 3 QC-J 3 <UJm> 

t-t O 00 U U C«> O UOU -J 3 -J3 UJ3 UJ 30 OUJ 2MUJ 
K-k~»— >0>CLX UiOCt 



TEST data for RP -1 RUN U 62 APR 07,1981 


fO************** 00 • sO O •<> ♦ 

<\lCv 4 vX )<30 -^»-»^^ioaor^^fsjrgsO i sOO^O^ coo rsj l ro 

• OO^^QC^^0CO^•O<^9O^O^-> I • *0 • • t m 

sD<.0>0f^ vO>X)>OvOs0^sOrNiM fM I «-i 

r-4 rsj o 

CM 

^•••••••••••••» ^ •r*- • 

CM K> «HOOOC^ GO »-4rst CM CSl*-4«-i«i«4*0 I ^fSlifOCMr^lD I :t 

• r-KO 004 />r^C*-M)O 00 O cooc» • • •« • •! c* 

iDsD M3 >0>X)rMK> CM I M^^OrOOO^O I K» 

•-< f-iCM »-H o 

CM 

(/^••••^••••••••* OM) • -Sf CM arH • 

^ooi/30inro^f^coM)r^*-iOO^ I oo^^o oam i in 

• M>M 30 comr^M)moor^o Gooo^^ i • * *cm • i o 

^nO sOC^M) M3 M)M)M>M>M> CM CM I ro ^OM ^ • lH 

^ o 


(<>•••«•#•••••••• CMC^ • 0 «^ •C- • 

CMcHr0v-4OC»C0O<^^000«-«^^M> I *-4M)C^OOLnK» I c- 

• inj-OsociLDin^ M 3 ino f^ooC' i • •m • *cm • i c- 

rOM>M3f^ vOM> M3 M>M>M)M> CM K) CM I ^UlO^C0<^^ I C^ 
^ *-*CM CM O 

ro 


CM************** CMfO «0OCM *l/> * 

rO*-4-*^<-«C->00000 M>C^^OO^ I m ^ cOC' OOtO ^ l M3 
*^rooM 3 CM:rroCMir^oc-c-c- i • *m) • *^ * • fo 

CMsOM>^ 0 M)M>^M>M3 M3M)CMK> CM I ^ M)0 KkC- ^ lO I K> 

•-hCM cm •-» 

ro 


O************** OtO *C^lf> • sO • 
O M) M> CO CM C^M>K> M 3 M 3 Ml CM Or« CM I OcOM)OOt^ini C- 
* ^c*Kiac*-m^ rocM^oc-oo o I * *c* * *cm *i — « 

M)f^r^C-r^ M)M)M) MOM3M3CM Kl CM I ♦ I 4- 

CM O 


^••■••••*«««««« mro * 00 ^ *tn * 
CMM>cMCMa3if inmr^ €>G0«^OOc^ i of^co «-*cmco i in 
* ro CMO m CM CM c^fooc-r^f^ i * *o • *m • i o 

rHM>sOM}M 3 M)M 3 M>M) M 3 M 3 CMfn CM t :T M 3 OKI CO 3 " K» | CM 
^ *-<CM CM (M 


O************** m GO *M3iM •fn • 

o in 00 00 M)c- in CO oocMf^^o i omooo^^M) i m> 

* f^inCMcO M) ^^0 CMCM ^OC *- 00 I • *0 * *<^ • I ^ 

mr-c*c~MDM 3 M 3 M)M 3 M)M 3 CMro ml ^ ino^oo ^ I o 

CM 


m************** c-ro *000 *r^ * 

CM^ 0 «-* CO MrOmM 3 I CMCMinoOOOCM • o 

• crcMO M)fnin^m ^^of^coc- i • *c- * *cm • i m> 

OM) Mir^ M 3 M 3 M 3 sOM) M)M>CMm CM I ^M 3 QKI 00 ^Kl I ^ 
f-t <-*CM CM •-• 

m 


o************** oc» *inoo • M) * 
a^«^CMn^c-c-cM^rinK>^CMO i f\io*^o^^oo i ^ 
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